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ABSTRACT OF THESIS 
 
 
EVALUATING SOIL PHYSICAL AND CHEMICAL PROPERTIES 
FOLLOWING ADDITION OF NON-COMPOSTED SPENT COFFEE 
AND TEA FOR ATHLETIC FIELDS 
 
Physical and chemical properties of non-composted spent coffee (CF) and tea (T) suggest 
they may have applications as soil amendments for improving poor soils. Studies were 
conducted to determine 1) the effect of amendments on grass growth and soil properties, 
2) the effect of incorporation versus surface application of amendments on soil 
properties, and 3) the effect of amendment application frequency on grass growth and soil 
properties. In the first study, amendments were mixed with sand and planted to 
bermudagrass. Treatments included CF, T, and peat moss (PM) mixed with sand, and 
100% sand as a control. In the second study, amendments were topdressed onto a sand 
base with different timings. Pots were either aerified or not. Treatments included T, CF, 
PM, and a control. Nutrient contents and soil CEC and OM under CF and T treatments 
were equivalent to or greater than PM treatments. Tea showed comparable grass cover to 
the PM treatment, while CF showed an inhibitory effect to grass growth in the first year 
of the study. Aerification showed no benefit. Additionally, a field study was conducted to 
evaluate CF and T on surface hardness, VWC, and quality after trafficking. Differences 
were not observed among treatments. 
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Chapter One: Literature Review 
Properties of Soils 
Soil consists of minerals, organic matter (OM), water, and air. Their proportion 
and the environment they are in determine soil physical properties such as bulk density, 
texture, structure, pore space, etc. Conversely, these properties will influence air and 
water movement in soil (McCauley et al., 2005). 
Chemical reactions in soil mainly occur on the surface of colloids due to their 
chemical charge and large surface area (Osman, 2013). The charged surfaces are able to 
absorb and release ions. Depending on their charge, size, and concentration, ions can be 
absorbed and held or released by the colloid surface. We refer to the sum of total 
exchangeable ions a soil can absorb as exchange capacity (Brady, 1990). Cation 
exchange capacity (CEC) is usually greater than anion exchange capacity (AEC) because 
colloid surfaces tend to have more negative charges than positive charges attracting more 
cations than anions (Brady, 1990). Fine textured soils usually have greater exchange 
capacity than course-textured soils due to a higher proportion of colloids (McCauley et 
al., 2005). Organic matter can have 4 to 50 times higher CEC than that of clay per unit 
mass. The source of the negative charge in organic matter comes from the dissociation of 
organic acids which causes a net negative charge in soil organic matter and dissociation is 
balanced by cations in the soil. This organic acid dissociation is determined by soil pH. 
The CEC of organic matter with a high pH-dependent charge will increase as pH 
increases. (Ketterings et al. 2007) 
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Soil pH uses concentration of H+ to express soil acidity or alkalinity. The pH 
ranges from 0 to 14 with 7 being neutral, below 7 acidic, and above 7 alkaline. Most 
natural soils have a pH range of 4 to 9. Soil CEC usually decreases as pH decreases. The 
relative strength of H+ adsorption to colloids is higher than most other common cations in 
the soil such as Ca2+, Mg2+, K+, NH4
+, and Na+. As H+ increases, the ability of soil to bind 
these cations will decrease (McCauley et al., 2005). 
According to their sizes, soil mineral particles are separated into three groups – 
sand (50 - 2000 µm), silt (2 – 50 µm) and clay (< 2 µm), referred to as soil separates 
(Brady, 1990). Through particle-size analysis, percentage of each size fraction in the 
sample can be determined. These percentages are used to identify the soil textural class, 
i.e. sand, silt, loam, etc. (Loveland and Whalley, 2000). 
Soil aggregates are the arrangement of soil separates into units which possess 
solids and pore space. Soil aggregates are composed of clay dominantly. Silt and sand 
particles may also be part of an aggregate. (United States Department of Agriculture 
Natural Resources Conservation Service [USDA-NRCS], 1996). Aggregate stability 
refers to the ability of soil aggregates to tolerate disintegration (USDA-NRCS, 2008). 
Aggregate stability is of great practical importance. Desirable aggregates are stable 
against water movement. Unstable aggregates when washed by water can break down to 
individual soil particles that can cause pore-clogging problems that block pathways for 
water and air (Brady, 1990). Aggregate stability is influenced by soil texture, extractable 
cations, amount of OM present, tillage, compaction, and microbial population (USDA-
NRCS, 1996). 
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Platy structure is one form of compaction that can occur in clay soils. Units in 
platy structure are flat, plate-like and generally oriented horizontally (Brady, 1990). 
Because of their formation of platy structure, clay soils can become compacted resulting 
in reduced above and below ground plant growth (Voyle and Hudson, 2014). However, 
clay soils have finer particles, thus micropores can be found to a greater extent in clay 
soils rather than sandy soils. (Cogger, 2000). Loams, sandy loams and loamy sands are 
considered ideal soils for producing attractive, high-use, low-maintenance turf because 
these soil textures have adequate macopores and micopores for water and air movement 
as well as water and nutrient retention (Carrow, 1985). On high-end athletic fields, sand 
is often chosen due to compaction resistance and drainage characteristics. Surface 
hardness is often much lower on sand than native soil fields and can result in reduced 
incidence of surface related athletic injuries (Dragoo and Braun, 2010). Further, because 
sand drains well, games can continue, even during intensive precipitation events 
(Roberts, 2012). 
Soil Nutrients 
There are 18 elements essential for plants. Among them, 15 elements are obtained 
from the soil including nitrogen (N), phosphorus (P), potassium (K), sulfur (S), 
magnesium (Mg), calcium (Ca), iron (Fe), boron (B), manganese (Mn), zinc (Zn), 
molybdenum (Mo), and copper (Cu). 
Nitrogen 
Around 70% of air is N2, however, plants cannot directly use N2 from the 
atmosphere. Nitrogen is generally the most limiting nutrient in the soil, thus fertilizer 
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inputs are normally added to soils to improve plant growth and development (Brady, 
1990). Various N forms can be added to the soil. However, plants can only directly take 
up nitrate (NO3
-) and ammonium (NH4
+) (USDA-NRCS, n.d.). In turf systems, the fates 
of NO3
- and NH4
+ can include leaching, fixation, immobilization, volatilization, 
nitrification and denitrification (Lamb et al., 2014). Soil NO3
- concentration is influenced 
by soil texture. Sandy soils have lower NO3
- retention than clay soils because NO3
- ions 
cannot bind to sand particles and water infiltration rates are typically very high in sandy 
soils, resulting in NO3
- leaching (USDA-NRCS, 2014). Studies have shown that organic 
soil amendments such as manure and compost enhance soil NO3
- content by storing 
organic N and release it slowly by mineralization process with little NO3
- leaching. (Hartl 
et al., 2001; Hartl and Erhart, 2005; Erhart et al., 2007; Diacono and Montemurro, 2010). 
High CEC and organic soils typically hold more NH4
+. Low pH will typically reduce 
NH4
+ volatilization (Waring and Bremner, 1964). 
In plants, N is the building block of nucleic acids, amino acids, proteins and 
enzymes. It is an integral component of the chlorophyll molecule (Pandey and Sinha, 
2009). Nitrogen promotes vigorous vegetative growth. Thus, N is associated with dark 
green leaf color (Peterson, et al., 1993). 
Phosphorus 
Phosphorus in soil can be divided into three different pools, solution P, active P, 
and fixed P (Busman et al., 2009). Solution P is a small pool which is constituted mainly 
by the orthophosphate form as well as a small amount of organic P. The orthophosphate 
form is the only form that plants can directly take up. Active P is in a solid phase which is 
somewhat easily converted to the soluble form. Active P is the main source of available P 
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which is constituted by easily mineralized organic P, and adsorbed phosphate ions held 
on the surface of soil particles. The fixed P pool is constituted by inorganic phosphate 
compounds which are very insoluble and organic compounds which are resistant to 
mineralization. Adsorbed-phosphate or easily dissolved phosphate reacts with Ca2+, Al3+, 
and Fe3+ and can be fixed and unavailable. It usually remains unavailable for years and 
has very little impact on fertility (Busman et al., 2009). In general, most P in soils are in a 
fixed form (Brady, 1990). The amount of available P in soil, which soil tests can 
determine, may be quite small compared to total P in soil. Phosphorus availability is 
highly affected by pH. Reactions between phosphate and Fe3+ and Al3+ when pH is below 
5.5 and between phosphate and Ca2+ when pH is above 7.5 often result in P deficiencies 
(USDA-NRCS, n.d.). 
Phosphorus is a component of ATP (Adenosine Triphosphate) and ADP 
(Adenosine Diphosphate) which are essential for energy transformation. Phosphorus is 
also involved in the formation of nucleic acids, coenzymes and lipids. Adequate plant 
available soil P levels are critical for root growth (Pandey and Sinha, 2009). 
Potassium 
Generally, K is abundant in most soil. However, around 90-98% of K in soil is 
unavailable (feldspars, micas, etc.). Approximately 1-10% of K is slowly released from 
nonexchangeable ions held in vermiculite, smectite, and other 2:1-type minerals. Only 1-
2% of K is readily available constituted by around 90% exchangeable K and 10% 
solution K (Brady, 1990). Readily available K is what is measured during routine soil 
testing (Rehm and Schmitt, 2002). Grewal and Kanwar (1976) indicated that liming may 
promote K fixation. As liming increases pH, H+ ions are neutralized allowing K+ to 
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become more easily adsorbed by soil colloids. This causes solution K to decrease. 
Usually this process will occur when pH is above 3.2 and K fixation will increase as pH 
increases (Grewal and Kanwar, 1976). 
In plants, K+ is widely involved in physiological reactions. The potassium ion is 
critical for controlling stomata which facilitates gas exchange (Pandey and Sinha, 2009). 
The potassium ion plays an important role in regulating water in plants. Water uptake 
through roots and water loss from stomata are both regulated by K+. The potassium ion 
triggers activation of many growth-related enzymes in plants (Marschner, 2012). 
Magnesium 
Generally, Mg is abundant in most soils. Many common soil minerals including 
amphibole, biotite, chlorite, dolomite, and vermiculite contain Mg. Magnesium is present 
as a cation (Mg2+) in the soil solution and is considered available to crops (Schulte, 
2004). Factors that increase Mg availability include increasing pH and CEC and 
decreasing cation competition with K+, Na+, NH4
+, Ca2+ (Kaiser et al., 2016). 
In the photosynthesis process, Mg2+ acts as a building block of chlorophyll, which 
makes leaves appear green. Magnesium ion also facilitates energy transfers in 
photosynthesis (Brown, et al. 2002). 
Calcium 
Calcium is usually present in large and adequate amounts in most soils. Several 
primary and secondary minerals in the soil contain Ca, which are unavailable for plant 
uptake. Calcium is present as a cation (Ca2+) in the soil solution and is considered 
available to crops (Kelling and Schulte, 2004). Calcium availability usually increases as 
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pH increases. High CEC will hold more Ca2+ and increase the available pool of Ca. 
Calcium availability is related to soil CEC and concentrations of other cations as they can 
compete with Ca2+ for exchange sites, reducing the overall availability of Ca. This 
competition usually occurs when an excessive amount of Ca2+ is present (Rosen et al., 
2008). 
Calcium ions strengthen plant cell membranes and cell walls and is essential for 
cell elongation and division. Calcium ions also participate in enzymatic and hormonal 
processes (Brown, et al. 2002). 
Iron 
Iron is abundant on the earth’s crust. Most of the Fe in soil is in silicate minerals 
or Fe oxides and hydroxides that are not readily available for plant uptake (Brady, 1990). 
In soil solutions, Fe exists in ferrous (Fe2+) and ferric (Fe3+) forms. Their percentages are 
determined by soil pH and soil aeration status (Hochmuth, 2011). The concentration of 
Fe in the soil solution is at its lowest point at a pH range of 7.4-8.5 (Schulte, 2004). 
Organic matter has been shown to improve Fe availability by combining with Fe3+ and 
forming organic complexes, therefore reducing Fe(OH)3 precipitation and other chemical 
fixations (Lindsay, 1991). 
Iron is the precursor to chlorophyll synthesis. It is often associated with green 
color. Iron also involved in electron transfer and activation of enzyme (Marschner, 2012). 
Zinc 
Zinc is represented as Zn2+ in soil solutions. Soil organic matter can hold Zn in a 
chelated form. Zinc is held within large organic molecules in chelated form. It does not 
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move though soil therefore they are unavailable to plants and do not leach under most 
conditions (Sutradhar et al., 2016). Soil pH greatly influences Zn availability. Zinc 
deficiency usually occurs when pH is above 6.5. Excessive phosphate fertilizer may 
reduce Zn availability at high pH (pH > 8.3) (Sutradhar et al., 2016). 
In plants, Zn is a critical component of many enzymes and proteins. It plays a role 
in growth hormone production and internode elongation (Marschner, 2012). 
Copper 
Copper is found as Cu2+ in soil solutions. Copper is influenced by soil pH and has 
lower solubility as pH increases. Organic matter binds Cu more tightly than any other 
micronutrients, therefore Cu availability will decrease as soil OM increases. The Cu 
content will gradually begin to increase as OM begins to decompose (Schulte and 
Kelling, 2004). 
In plants, Cu functions as a catalyst in photosynthesis and respiration. Copper is 
important in carbohydrate and protein metabolism. It is important to the structure of 
lignin in plant cell walls which contributes to the structural strength of the cells and the 
plant (Marschner, 2012). 
Manganese 
Manganese can be present in three forms in the soil, Mn2+, Mn3+, and Mn4+. The 
primary form of plant uptake is Mn2+ (Hong et al., 2010). As pH decreases, Mn 
availability increases and deficiencies can occur in high pH. High OM levels in soil will 
decrease Mn availability due to increased formation of organic matter and manganese 
complexes (Graham et al., 1988). Soil aeration is also related to Mn availability. 
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Waterlogged soils can have highly available Mn because oxidized Mn reduces to Mn2+ 
(Schulte and Kelling, 1999). 
Manganese contributes to several biological processes including photosynthesis, 
respiration, and nitrogen assimilation. Manganese is also involved in pollen germination, 
pollen tube growth, root cell elongation and resistance to root pathogens (Marschner, 
2012). 
Boron 
Much of the total soil B is present as the insoluble mineral tourmaline, which is 
unavailable to plants. Available B is present as inorganic borate as well as some organic 
compounds (Ahmad et al., 2012). Boron can be largely stored in soil OM. Low OM soils 
are apt to have greater B deficiency than high OM soils. Drought conditions may 
decrease B availability as lack of water will decrease OM decomposition. Therefore, 
available B is prevented from releasing (Sutradhar et al., 2016). Boron is influenced by 
soil pH with lower solubility as pH increases (Kelling, 1999). 
Boron plays an important role in cell wall formation and stability. Boron also 
maintains structural coherence and function of biological membranes. Boron is also 
involved in movement of sugar or energy into growing parts of plants (Brown et al., 
2002). 
Characteristics of High Quality Soils 
To define high quality soil is difficult since soil has multiple functions and 
integrated attributes (Papendick and Parr, 1992; Rodale Institute, 1991). However, high 
quality soils generally share several common characteristics. In terms of physical 
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characteristics, high quality soil usually has good tilth, sufficient depth, good drainage, 
and is resistant to soil fertility decline, adverse changes in pH or salinity, flooding, 
erosion, and deterioration of the soil’s structural condition (Gugino et al., 2009). The 
chemical characteristics of high quality soils include sufficient but not excessive levels of 
nutrients and little or no chemicals or toxins that may harm plants (Gugino et al., 2009). 
The biological characteristics of high quality soils usually include small populations of 
plant pathogens and insects and large populations of beneficial organisms (Gugino et al., 
2009). 
Topsoil, Subsoil, and Soil Modification 
In a natural system, topsoil, or A horizon, is commonly the upper 12-18 cm of the 
soil profile. They contain high amounts of nutrients, OM, water and microbes relative to 
subsoils. Topsoil properties such as high levels of OM and stable aggregates will help 
increase nutrient retention (Brady, 1990), improve drainage (Clatterbuck and Fare, 2009) 
and develop beneficial properties that can withstand mild tillage (Koenig and Isaman, 
2010). Topsoil is also the main zone of root distribution (Brady, 1990). 
Subsoil, or the B horizons, are commonly below the topsoil and can range in 
thickness from a few centimeters to several meters and is typically not modified by 
cultivation (USDA-NRCS, n.d.). Clay content in subsoil is usually higher than that in 
topsoil (Blume and Schwertmann, 1969). Subsoil does not have a high OM concentration 
but contains many minerals (Håkansson and Reeder, 1994). Topsoil promotes biological 
activities and root growth more so than subsoil (Adams and Moore, 1982). As air and 
water permeability in subsoils is reduced, diffusion and subsequent availability of 
oxygen, water, and nutrients are also reduced. This results in limited root growth in the 
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subsoil (Brady, 1990). Compaction in the upper subsoil is not uncommon. Compacted 
subsoils will cause lower turf quality and density by increasing bulk density, which 
affects water and air movement as well as root penetration (Håkansson, 1994; Håkansson 
et al., 1987). Deep-tine aerification is often implemented to improve soil characteristics 
in the subsoil. 
Soil modification typically means changing the characteristics of soil by adding 
differing soil textures or amendments. A soil amendment is any material added to a soil 
to improve its properties (Davis and Whiting, 2013). A wide range of materials are used 
as soil amendments serving different purposes such as improving soil structure, adding 
soil nutrients, increasing CEC, improving water retention, adjusting pH, etc. (Traunfeld 
and Nibali, 2013). Methods of soil modification include surface application, 
incorporation and mixing of soil amendments. 
Importance of Soil Organic Matter 
One of the most critical components of soil is OM. A small quantity of OM can 
influence physical and chemical properties of large quantities of soil. Organic matter 
commonly contributes one-third or more to the CEC of the soil (Stevenson, 1982). It is 
also critical to the stability of soil aggregates (Stevenson, 1982). In soil systems, OM is 
one of the nutrient providers for crops. It also provides nutrients and energy for soil 
microbes (Zibilske, 2008). Over time, organically managed soils develop characteristics 
that support microbes and crops. With addition of OM, clay soils become more 
permeable while sandy soils gain water retention capacity. Aeration of clay soils show 
improvement following addition of OM (Zibilske, 2008). Nutrients in OM can only be 
available for crops after decomposition, which can last weeks or months, depending on 
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the source (Brady, 1990). Several factors determine the rate of decomposition, such as 
moisture, temperature, aeration, etc. One of the significant factors in decomposition rate 
is the carbon-to-nitrogen ratio (C:N) (Brady, 1990). Most native soils have a C:N ratio 
between 10 and 12. High soil C:N ratios may lead to strong competition among 
microorganisms for available soil N. The microbes will have to find additional N to reach 
their N requirement. In these cases, N has to come from soil, making it less available to 
plants. Low C:N ratios may lead to excessive available N that may be lost to the 
environment or leaching or may be taken up by the plant in excess quantities (Zibilske, 
2008). Researchers have showed C:N ratios of spent coffee (Coffea arabica L.) grounds, 
spent tea (Camellia sinensis (L.) Kuntze) leaves and peat moss (Sphagnum L.) are 24.5:1, 
11.7:1 and 58.0:1 respectively (Morikawa and Saigusa, 2011; Tripepi, n.d.). 
Soil Amendments 
Most inorganic soil amendments are relatively new in the turf industry. 
Amendments such as porous ceramics, diatomaceous earth, and clinoptilolite zeolite 
products are frequently used in various turf situations (White, 2009). Inorganic 
amendments are occasionally blended with sand or soil in putting green root zones in 
place of peat moss. Research on these products is somewhat contradictory. White (2009) 
reported that inorganic amendments perform very similarly to peat moss when used in 
putting green root zones. Further, Bigelow et al. (2000) found that incorporating 
clinoptilolite zeolite, Ecolite, and a porous ceramic at various rates and depths in sand-
based putting green media can reduce NH4
+-N leaching down to 8%. Inorganic 
amendments are also used to fill the aeration holes on sand based profiles to improve 
water retention to reduce localized dry spot (White, 2009). 
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Adding organic amendments such as manure or organic byproducts can also 
improve soil structure and soil strength, increase CEC and water retention (Wolkowski et 
al., 2008; Saharinen et al., 1996; Sommerfeldt and Chang, 1986). Many studies have 
looked into organic waste materials to improve soils. Biosolids are treated sewage sludge 
used as a soil amendment. In the United States, around one third of the sludge produced 
is applied to the land while this practice is much more common in Asia and Europe 
(Brady, 1990). McCalla et al. (1977) compared levels of several essential elements in soil 
applied with biosolids and inorganic fertilizers. The researchers found that compared to 
inorganic fertilizers, biosolids are generally low in nutrients. Representative levels of N, 
P, and K are 3%, 2%, and 0.4%, respectively. However, the application rates of biosolids 
are typically much greater than application rates of inorganic fertilizers, thus, it is 
possible to provide comparable levels of essential elements. In addition, supplemental 
manure or chemical fertilizers are applied to provide nutrient balance for good crop 
production (Brady, 1990). Since the sources of the sewage and the sewage treatment 
plants vary, sludge may contain high levels of heavy metals, such as Zn, Pb, Cu, Fe, Mn, 
and Cd, especially when extracted from industrial sewage. If the levels of heavy metals 
are too high, the extracted sludge may not be used as biosolids for agricultural purposes 
(Loehr et al., 1979). 
Wood ash is the inorganic and organic residue after burning of wood or 
unbleached wood fiber (Risse, 2002). Generally, hardwoods produce more wood ash than 
softwoods, and the bark and leaves produce more wood ash than the inner woody parts. 
On average, burning wood produces about 6 to 10% wood ash (Campbell, 1990). Since 
wood ash are residue of trees, element compositions of these residuals are generally ideal 
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for plant growth and production (Risse, 2002). In wood ash, Ca is the most abundant 
element in the form of CaCO3 and CaO. This property gives wood ash similar function of 
agricultural lime. Wood ash also contains high levels of K and P as well as some 
micronutrients. Heavy metal levels of wood ash are generally low (Etiegni and Campbell, 
1991). 
Conventional Organic Amendments and Their General Attributes 
Organic material such as reed-sedge peat, Sphagnum peat, compost, and other 
forms are commonly used as soil amendments to increase the soil organic content. 
Generally, adding these soil organic amendments decreases bulk density, increases water 
holding capacity and CEC, and decreases saturated hydraulic conductivity (Blombäck et 
al., 2009; Cheng et al., 2007; McCoy, 1992). Compost has also been shown to improve 
soil quality by enhancing the biological process of poor soils (Garcı´a-Gil et al., 2000). 
Compost provides food for earthworms, soil insects, and beneficial microorganisms. 
Nitrogen and phosphorus can be supplied in great quantities by applying high rates of 
compost (Evanylo et al., 2009). Taylor et al. (2016) suggest that adding compost can be 
used as an alternative of limestone to increase pH. Extensive studies have been conducted 
regarding biochemical and microbial advantages of using compost (Bastida et al., 2008; 
Chaoui et al., 2003; Ros et al., 2006; Tiquia et al., 2002). 
Peat Moss 
Peat moss is a conventional non-composted soil amendment extensively used in 
turf. When added to soil, peat moss will influence soil slightly differently than compost. 
Peat moss contains lower nutrient levels than compost, but has a higher CEC and water 
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holding capacity (Agnew and Leonard, 2003). Peat moss does not easily compact, 
making it an often-used amendment for high traffic fields (Waltz and McCarty, 2000). 
One application of peat moss can last in the soil for several years, whereas compost is 
commonly applied on an annual basis (Ozores-Hampton et al., 1999). Peat moss is 
commonly used as a soil amendment on golf courses and athletic fields. During 
construction, native soils are replaced or highly modified by a mixture of sand and peat 
moss. However, because peat moss is nonrenewable, limited and expensive, alternatives 
are desirable (Liu et al, 2005). 
Sphagnum peat and reed-sedge peat are the two major sources of peat moss. They 
are formed from partially decomposed Sphagnum plants and reed or sedge grasses. Their 
names reflect their parent plant materials (Green and Jones, 2014). Both Sphagnum peat 
and reed-sedge peat are non-renewable (Garner, 2006). Reed-sedge peat is further 
decomposed than Sphagnum peat, thus it has finer particles and lower fiber content 
(Kogel et al., 2006). It also has a higher N content than Sphagnum peat (Wallace, 2000). 
Muehlbach et al. (2007) compared reed-sedge peat, Sphagnum peat, zeolite, calcined clay 
and diatomaceous earth as 90:10 or 80:20 sand:amendment mixtures for sand based golf 
greens. According to their research, both the 90:10 and 80:20 sand-reed-sedge peat 
treatments were the only two treatments to significantly increase plant available water 
from the sand control. 
Peat Moss Alternatives 
In Europe, peat moss alternatives are promoted due to concerns of sustainable 
production of peat moss in the future (Robertson, 1993). Several studies have evaluated 
various organic materials and their effectiveness as soil amendments. One such study 
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evaluated composted peanut (Arachis hypogaea L.) shells on several turfgrass 
characteristics over a six-month period. Turf quality, clipping yield, root mass, and 
nutrient uptake were similar for peanut shells and peat moss treatments. Clipping yield 
following inclusion of composted peanut shells was similar to that of peat moss and 
significantly increased compared with the sand only treatment. The authors concluded 
peanut shell compost can be an alternative organic amendment to peat moss for lawns 
and athletic fields (Liu et al., 2005). 
As environmental and human exposure to pesticides becomes increasingly 
sensitive, pesticides are beginning to be severely restricted or banned on school grounds 
and athletic fields. Because of these bans, schools are beginning to adopt reduced input or 
organic programs for management of school grounds (Petrovic, 2011). Research 
conducted in Connecticut examined the effect of organic soil amendments on root zone 
physical properties of athletic fields. They found that neither conventional nor organic 
practices showed enhancement or deterioration of soil physical properties before, during 
or after simulated traffic. However, all values were acceptable for athletic fields. (Miller 
and Henderson, 2013). Many organic waste products have been studied as soil 
amendments (Garcı´a-Gil et al., 2000; Johnson et al., 2006; Kiefer et al., 2011; Liu and 
Price, 2011; Liu et al., 2005; Wells et al., 2008; Perucci et al., 2000; Wright et al., 2005). 
However, the majority of these studies were conducted using composted waste. 
Very little research has evaluated fresh organic waste as a soil amendment 
because chemical and physical properties of most waste products simply are not suitable 
as soil amendments (Wells et al., 2008). However, the added cost and time of the 
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composting process and the limited peat stores result in the need to examine other soil 
amendments (Wells et al., 2008). 
Tea 
Tea is the second most popular beverage worldwide (Hicks, 2001). During the tea 
brewing process, essential oils, polyphenols, and caffeine are transferred from the leaves 
to boiling water. Following brewing, leaves may contain traces of these compounds but 
are mostly organic waste (Willson and Clifford, 1992). All processed tea contains both 
water soluble and insoluble elements. The insoluble elements include crude fiber, 
cellulose, lignin, proteins, fats, chlorophyll and pigments, pectins, and starches. The 
soluble elements include vital oxidizable polyphenols, other polyphenols, amino acids, 
minerals, gummy matter, and stimulants (theine, theobromine, theophylline, and caffeine) 
(Rosen, 1992). The water-soluble elements make up approximately 40% of tea leaves 
(Harbowy and Balentine, 1997). 
Composted tea has been studied extensively as a soil amendment. However, much 
of the research has looked into tea’s effect on plant disease control and its ability to 
enhance biological activities (Naidu et al., 2010; Pane et al., 2012; Scheuerell et al., 2004, 
2006 St. Martin and Brathwaite, 2012). Composted tea was studied as a nutrient 
amendment for soil in the cultivation of strawberries (Fragaria L.). Their results showed 
that composted tea provides equivalent levels of micro- and macro-nutrients compared to 
ruminant compost, municipal solid waste compost, and inorganic fertilizer. Composted 
tea was considered as an effective nutrient amendment for strawberry (Hargreaves et al, 
2008). 
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However, studies examining non-composted spent tea as a soil amendment are 
rare. Wells et al. (2008) conducted several studies using non-composted spent tea as a 
substrate component of greenhouse and nursery crops. They found that a 50:50 mixture 
of pine bark:tea waste resulted in  higher leaf chlorophyll content than a commercially 
available greenhouse substrate. In a separate study, Wells et al. (2008) examined various 
ratios of pine bark and tea waste on root and shoot growth. They found that substrates 
containing a minimum of 50% spent tea promoted similar or greater plant growth than a 
substrate containing 100% pine bark.  
Very little research has been conducted using non-composted tea waste as a soil 
amendment in a turf situation. Munshaw et al. (2012) designed a study to evaluate the 
effect of topdressed non-composted spent tea and coffee grounds on a sandy soil (United 
States Golf Association [USGA] spec root zone, sand to reed-sedge peat: 90:10) growing 
‘Tifway’ bermudagrass (Cynodon dactylon [L.] Pers.). The authors found that organic 
treatments improved turf color, water holding capacity, and CEC. Tea increased K and P 
levels and coffee applications resulted in reduced surface hardness. 
Coffee 
Coffee is one of the most popular beverages in the world. The coffee making 
process results in great amounts of waste in the form of husks, pulps, etc. (Pandey et al., 
2000). However, for a large coffee consumption country like the United States, the main 
waste is spent coffee grounds. Annual production of spent coffee grounds in the world is 
approximately 6 million tons (Mussatto et al., 2011). 
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During the coffee brewing process, most of the water-soluble components 
including chlorogenic acids, caffeine, nicotinic acid, and soluble melanoidins are 
extracted, but can be found in spent coffee grounds in small amounts (Bekedam et al., 
2008). Most of the lipophilic fraction such as bioactive diterpenes and sterols remains in 
the filter with the solid materials. Galactomannans and type II arabinogalactans are the 
predominant polysaccharides and represent 15% - 20% of the spent coffee grounds 
(Farah, 2012). Spent coffee grounds have low value; therefore, most of the grounds are 
either used for energy production such as activated carbon, or sent to landfills (Cruz et 
al., 2012). 
Previous research has evaluated the usefulness of spent coffee grounds in various 
areas including animal feed (Kondamudi et al., 2008), mushroom production (Fan et al., 
2001; 2003), biodiesel (Kondamudi et al., 2008), fuel pellets (Cruz et al., 2012), heavy 
metal absorption (Dávila-Guzmán et al., 2013; Kim et al., 2014; Morikawa and Saigusa, 
2011), and activated carbon (Franca and Oliveira, 2009; Mussatto et al., 2011). Many 
popular press anecdotes suggest the use of spent coffee grounds as an organic fertilizer or 
soil conditioner, however, there has been very little research to reinforce these claims. 
One recently published study evaluated the ability of fresh spent coffee grounds to 
enhance crop growth, control weeds, and improve soil physical and chemical properties 
(Yamane et al., 2014). In the first growing season, growth of all crops was inhibited by 
application of 10 kg/m2 of coffee grounds. However, this inhibition gradually declined 
after the second year and growth of guinea grass (Urochloa maxima (Jacq.) R. Webster), 
sorghum (Sorghum bicolor (L.) Moench), and sunflower (Helianthus L.) were two-fold 
higher than the control 12 months after planting. The authors also found that topdressing 
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spent coffee grounds at a rate of 16 kg/m2 resulted in weed suppression that was effective 
for 1.5 years. Further, the authors reported an increase in both C and N content and 
reduced the C:N ratio following application of spent coffee grounds. Compared with a 
fresh horse manure application, spent coffee grounds had a significantly higher effect on 
N enrichment and C:N ratio reduction (Yamane et al., 2014). 
Another study looked into the ability of fresh spent coffee grounds and fresh spent 
tea leaves to improve mineral content of paddy rice (Morikawa and Saigusa, 2011). 
Results showed that both spent coffee grounds and spent tea leaves increased the content 
of Fe and Zn content of brown rice grain. Spent coffee grounds also increased the Mn 
content. 
Issues Regarding Athletic Fields 
As people are increasingly concerned with health, there is a growing emphasis on 
sports (Pate et al., 1995; Nelson et al., 2007). Fields of popular sports such as soccer, 
football, rugby, and baseball are abundant. However, many community and high school 
athletic field mangers are faced with maintaining surfaces with few inputs due to 
marginalized budgets (Fresenburg, 2014; Sachs, 2004). Issues such as injuries caused by 
hard surfaces, poor turfgrass uniformity, lack of turf coverage, and poor traffic tolerance 
are frequently observed, especially when fields are not maintained at adequate levels 
(Cockerham et al., 1990). 
Foot and vehicular traffic are the primary causes of damage to athletic fields. The 
greatest concerns with traffic are soil compaction and turf wear (Beard, 1976). Soil 
compaction is typically a problem on high silt and clay soils when force is applied 
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(Carrow and Petrovic, 1992). Pressure is dependent on the force applied on the surface 
and the contact area. A running person will create 38 times more downward force than a 
standing person (Van Wijk et al., 1977). A 90-kg person wearing football cleats will 
create 25 times greater pressure than the same person wearing flat-soled shoes due to less 
contact area of cleats (Watson, 1961). Rapid starting, stopping, and sharp turning can 
cause more serious soil compaction than increasing loads (Davies et al., 1973). In 
addition, heavy foot traffic on athletic fields can potentially overturn soil below to the 
top. This may lead turf root zone to have high clay content and low OM content. 
Research conducted by Van Wijk (1980) showed that rutting and soil displacement are 
highly influenced by the density of the turf root system as well as the OM content. This is 
because the root system and organic content allow a soil to become firmer and to better 
withstand penetration, resulting in less rutting and soil displacement. 
Although numerous studies have evaluated the effect of different organic wastes 
as soil amendments, very few have been conducted that examine non-composted coffee 
and tea wastes. Further, no research has specifically looked at how coffee and tea waste 
influence turf soils. Such research should be carried out to determine if waste organic 
materials such as spent coffee and spent tea grounds could be suitable for use as an 
organic amendment of turf soils. 
Objective 
The objective of this study was to evaluate the effect of non-composted coffee 
and tea waste on soil physical and chemical properties in turf soils. We hypothesized that 
non-composted coffee and tea grounds will have similar performance as a conventional 
organic amendment (peat moss). Positive results could lead to reduced waste to landfills, 
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a sustainable source of OM, and potentially reduced cost of amendments for turf 
managers.  
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Chapter Two: Greenhouse Mixture Study 
Materials and Methods 
The greenhouse study was initiated June 11, 2014 and repeated June 4, 2015 in a 
greenhouse at the University of Kentucky Spindletop Farm outside Lexington, KY. The 
study was a single factor experimental design with four replications. Organic materials 
included spent coffee grounds (CF) (local Starbucks® shop, Starbucks Corporation, 
Seattle WA), spent tea grounds (T) (Milo’s® Tea Company, Bessimer, AL), reed-sedge 
peat (PM) (Dakota™ Peat & Equipment, East Grand Forks, MN). USGA spec sand (S) 
was used as the control. Pots were 16.5 cm in diameter and 15 cm deep. Treatments 
included 90:10 (volume) S:PM, 90:10 S:T, 85:15 S:CF, 90:10 S:CF, 95:5 S:CF, and 
100% S as a control (Liu et al, 2005; Kiefer, 2011; Matsubara et al., 2002). Total volume 
of sand and organic amendment mixture in each pot was 2,778 mL. ‘Tifway’ 
bermudagrass was sprigged at a rate of 26,900 kg ha-1 (McCarty and Miller, 2002). 
During the establishment period (first two weeks after planting), irrigation was applied 
for two minutes in 6-hour intervals. No fertilizer was applied during this time. A 
complete fertilizer (19N-8P-16K, Southern States® Cooperative, Henrico County, VA) 
was applied to each pot beginning 14-d after planting and every 14-d afterwards until the 
end of the study at a rate of 0.9275 g N m-2. Grass was maintained at a height of 5 cm 
with hedge clippers (Black & Decker® Corporation, Towson, MD). 
After 30-day establishment period, each pot was rated for visual cover using a 0 
to 10 scale where 0 is equivalent to no turf cover and 10 is equivalent to full turf cover. 
Visual cover ratings were recorded every 2 weeks throughout the experiment. The final 
visual rating was recorded on February 13, 2015 and February 13, 2016. Soil and 
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clipping samples were collected on these same dates for soil and tissue tests. Soil pH was 
determined using glass electrode in 1:1 soil water (Soil and Plant Analysis Council, 
2000). Soil cation exchange capacity (CEC) was determined via NH4
+ saturation of 
exchange site and analysis of saturated NH4
+ using an NH4
+ ion-selective electrode (Soil 
and Plant Analysis Council, 2000). Soil OM and N were determined using LECO 
combustion method. Soil P, K, Ca, Mg, Zn, Fe, Mn, Cu and B were extracted using 
Mehlich III method (Soil and Plant Analysis Council. 2000). Soil P, K, Ca, Mg, Zn, Fe, 
Mn, Cu and B were analyzed via inductively coupled plasma spectroscopy (ICP). For 
tissue N and P content, samples were prepared for analysis by weighing 100 mg of dried 
material into a 50-mL flask. Then, 5 mL of concentrated sulfuric acid containing 0.05g of 
salicylic acid per mL was added and the samples allowed to react for approximately one 
hour at room temperature. Next, 0.5 g of sodium thiosulfate was added and the samples 
were placed in a Technicon BD-40 block digestor (Technicon Corporation, Tarrytown, 
NY) set at 180℃ for one hour. Then 1.8 g of potassium sulfate and 3 or 4 selenized 
boiling chips were added to the digestor and the digestion was continued for 2.5 more 
hours at 360℃. The samples were cooled to room temperature then diluted to 50 mL with 
deionized water. After thorough mixing, the samples were poured into polystyrene cups 
for analysis. For N analysis, two reagents were necessary. One contained 0.5% sodium 
hydroxide and 0.042% sodium hypochlorite in deionized water; the other contained 1.0% 
phenol and 0.02% sodium nitroprusside in deionized water. The samples were introduced 
into a bubble segmented stream (dual Technicon System II Auto-analyzer, Technicon 
Corporation, Tarrytown, NY) followed by the reagents. The reaction took place inside the 
instrument, and the blue indophenol formed was passed through a colorimeter for final 
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determination of ammonia concentration. For P analysis, a solution of ammonium 
molybdate (7.5g·1000nL-1) in 1.92 mole·L-1 sulfuric acid was reacted with the sample in 
the segmented stream to form a hetropoly phosphomolybdate complex. This compound 
was then reduced by adding a solution containing 150 g of sodium bisulfite, 5.0 g sodium 
sulfite and 2.5 g 1-amino-2-naphthol-4-sulfonic acid in 1000 mL deionized water and the 
reaction resulted in formation of an intense blue color proportional to the phosphate 
concentration. For tissue K, Ca, Mg and Zn content, samples were prepared for analysis 
by weighing 250 mg of dried material into a 50-mL flask. Samples were placed in the 
muffle furnace (Thermolyne™ 30400, Thermo Fisher Scientific© Inc., Waltham, MA) for 
12 hours at 500℃. Two mL of 12.1 mole·L-1 hydrogen chloride was added to the samples 
and were swirled before cooled to room temperature. Next, 23 mL of water was added 
making the solution concentration 1 mole·L-1. Then, samples were placed on a steam 
plate with watch glass for 20 minutes for cooling. After thorough mixing, the samples 
were poured into polystyrene cups for analysis. Standards were prepared using a blank 
solution made by first digesting a number of 100 mg pieces of cellulose filter paper 
according to the above protocol. Samples were run on an atomic absorption spectrometer 
(SpectrAA 50B Varian, Varian inc., Palo Alto, CA). Potassium was run by emission and 
Ca, Mg and Zn by absorbance. 
Data were analyzed using the general linear model procedure of SAS (SAS® 
version 9.4; SAS Institute, Cary, NC) with repeated measures for recovery ratings. All 
means were separated using Fisher’s least significant difference test, α=0.05.  
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Results and Discussion 
Soil Test Results from Greenhouse Mixture Study 
Results did not differ significantly between years for soil pH, CEC, OM, N, P, K, 
Zn, Fe and Cu. Therefore, data from both years were pooled. 
pH and CEC 
All organic treatments significantly reduced pH (Table 1.1). The pH of the sand 
used for the greenhouse study was 9 (Table A.1). This value is higher than the optimal 
pH (between 6.0 and 6.5) for most grasses (Han and Huckabay, 2008) and can cause 
nutrient deficiencies due to reduced solubility of nutrients such as Fe, P, Mg, Zn, and B 
(Brady, 1990). The pH of organic media, however, ranged from 5.0 to 5.5 which are 
overall, much lower (Table A.1). Morikawa and Saigusa (2011) found similar results 
showing the pH of non-composted spent coffee grounds and tea leaves were 5.26 and 
5.86 respectively. Therefore, mixing the basic sand with the acidic organic materials 
resulted in pH values that were intermediate between the unmixed materials. Because 
coffee and tea had the lowest pH, the 15% CF, 10% CF and T resulted in pH values that 
were significantly lower than the PM and 5% CF. Wells et al. (2008) used non-
composted spent tea grounds as greenhouse substrate for Lantana camara and 
Nephrolepis exaltata. The authors found the average substrate pH for both plants to be 
4.6 and 4.9 respectively seven days after planting. The pH increased to 5.5 and 6.1 63 
days after planting. These results indicated non-composted spent tea grounds have 
relatively stable and predictable pH which is a good attribute as an alternative to peat 
moss (Papafotiou et al., 2001). 
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All organic treatments except 5% CF showed CEC improvement compared to 
control (Table 1.1). It has been well established that adding OM to a soil can improve the 
CEC of that soil (Ketterings et al., 2007; Sonon et al., 2014; Brady, 1990). Liu et al. 
(2005) compared peanut shell biosolid to peat moss as organic amendments in sand and 
found that both organic sources improved the CEC over the control. Kasongo et al. 
(2011) also found increased CEC with increasing rates of non-composted spent coffee 
grounds. However, the 5% CF treatment in this study may not have been a high enough 
volume of organic material to increase the CEC over the control. 
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Table 1.1 pH, Cation Exchange Capacity (CEC), Organic Matter (OM), soil nutrient content of sand/organic mixes in 2014 and 
2015 (pooled). 
Treatment pHη CEC (cmolc kg-1) OM (%) -------------------------- Soil Nutrient Content (mg kg-1) --------------------------  
    N P K Zn Fe Cu 
15% CFθ 7.82 c§ 2.13 ab 7.8 a 1070 a 7.25 ab 25.7 a 2.3 a 125.0 a 2.1 a 
10% CF 7.88 c 2.12 ab 7.3 ab 800 b 5.15 bc 18.8 ab 2.1 a 120.0 a 1.9 ab 
5% CF 8.06 b 1.69 bc 6.6 cd 420 d 2.00 c 14.2 b 1.4 b 98.8 a 1.6 bc 
10% T 7.86 c 2.25 ab 7.7 a 880 b 7.50 a 21.0 ab 1.5 b 99.8 a 1.4 c 
10% PM 8.02 b 2.32 a 7.0 bc 660 c 3.15 bc 16.7 b 1.0 c 66.0 b 0.7 d 
Control 8.42 a 1.20 c 6.2 d 120 e 1.75 c 17.4 b 0.8 c 62.4 b 0.8 d 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, CEC=cation exchange capacity, OM=organic matter. 
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η Soil pH were measured by glass electrode. CEC were determined via NH4+ saturation of exchange site and analyzed using NH4+ ion-
selective electrode. Soil OM and N was determined using LECO combustion method. Soil P, K, Zn, Fe, Cu were extracted using 
Mehlich III method and analyzed via ICP.
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Table 1.2 soil nutrient content of sand/organic mixes in 2014 and 2015 
(separated). Data were generated with the Mehlich III soil test method. 
Year Treatment --------------- Soil Nutrient Contentη (mg/kg) --------------- 
  Ca Mg Mn B 
 15% CFθ 11400 c§ 150 e 23.0 d 0.135 bc 
 10% CF 12100 bc 171 d 25.8 cd 0.135 bc 
2014 5% CF 13600 a 196 c 32.0 b 0.115 c 
 10% T 12800 ab 197 c 41.5 a 0.190 a 
 10% PM 13500 a 247 a 28.5 bc 0.175 ab 
 Control 12900 ab 224 b 29.8 b 0.095 c 
 15% CF 13500 c 231 a 31.0 c 0.175 ab 
 10% CF 13600 c 228 ab 31.5 c 0.190 a 
2015 5% CF 14900 b 209 b 32.0 c 0.150 b 
 10% T 10600 d 181 c 45.5 a 0.185 a 
 10% PM 13800 c 242 a 31.0 c 0.175 ab 
 Control 16000 a 236 a 38.3 b 0.090 c 
§ Values followed by the same letter within a column are not different (P>0.05). 
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θ Treatment abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP. 
Organic Matter and Soil Nutrients 
All organic treatments except 5% CF treatment improved soil OM (Table 1.1). 
Generally, as volume of CF increased in pots, so did percent OM. This is somewhat 
intuitive since coffee grounds are organic material, thus increasing the percentage of CF 
in soil should increase the percent OM in that soil. Increases in OM have been shown to 
result in a greater nutrient holding capacity allowing cations such as NH4
+, K+, Zn2+, and 
Cu2+ to be more easily held (Sanders et al., 1987; Froehlich, 1979). 
The results show the T, 10% CF and 15% CF treatments had significantly higher 
N content than PM. All organic treatments had significantly higher N content than 
control. (Table 1.1). Yamane et al. (2014) also found increased soil N with CF 
applications. Marrush (2007) and the organic media report from the current study 
confirmed that PM did not contain enough N content to sustain healthy grass growth. The 
soil media report (Table A1) showed lower N content in T and CF than PM but soil test N 
in mixed sand/organic pots showed the reverse to be true (Table 1.1). Wakasawa et al. 
(1998) also found initial N content of soil applied coffee grounds were low. However, N 
content of soil applied coffee grounds continuously increased after 4 months. They 
measured the increase of N coming from NO3
--N. Additionally, low pH will reduce NH4
+ 
volatilization (Waring and Bremner, 1964). Therefore, both NO3
- and NH4
+ will be 
retained in soil. Our result show all organic treatments have lower pH than control. All 
organic treatment except 5% CF have higher N content than control. Tea, 10% CF, 15% 
CF have lower pH than PM. Tea has higher N content than PM. Soil analysis showed that 
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only the 10% T and 15% CF treatments significantly increased P level from the control 
(Table 1.1). This may have been due to their relatively lower pH (10% T=7.86, 15% 
CF=7.82) than PM (pH=8.02) and control (pH=8.42). Brady (1990) explained that as pH 
increases from 6.5 to 8.0, that relatively available P will decrease. Furthermore, 
according to the soilless media test, P content in CF and T were about 300 times higher 
than P content in PM and about 5000 times higher than P content in sand (Table A1). 
Phosphorus availability is highly affected by pH. Reactions between phosphate and Ca2+ 
when pH is above 7.5 often result in P deficiencies (USDA-NRCS, n.d.). Brady (1990) 
explained as pH increases from 6.5 to 8.0, the relatively available P will decrease. It is 
likely that because of lower pH, available P increased in T and 15% CF treatments (Table 
1.1). Wells et al. (2008) found higher foliar P levels in Nephrolepis exaltata grown in 
100% tea waste substrate than any other treatment. The pH of tea waste substrate was 4.9 
seven days after planting and 6.1 sixty-three days after planting which were both lowest 
among other treatments. Their pH measured seven days after planting was similar to pH 
of T in our soilless media test which was 5.1. 
Soil K results showed all treatments had relatively low K level (optimum level for 
grass 60-120 [Kelling et al., 1999]). Only 15% CF treatment significantly increased K 
level compared to control (Table 1.1). Schulte and Kelling (1999) stated that organic 
matter holds most cations tightly. An exception of this is K+. Because attraction between 
K+ and organic matter is relatively weak. Organic amendments are usually required in 
greater quantities to reduce K leaching issues in sandy soils. Matsubara et al. (2002) 
examined the effect that soil amendments have on the incidence of fusarium root rot of 
asparagus (Asparagus officinalis L.), along with various other response variables. Their 
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treatments included composted coffee grounds mixed with soil (70:30 and 90:10 soil: 
composted coffee residue). After 13 weeks, they measured soil K and found the 70:30 
treatment had higher K levels than any other treatment, while the 90:10 treatment was not 
nearly as beneficial. This is similar to our findings in that our 15% CF treatment had the 
highest K levels while the 10 and 5% treatments were not different than the control. It is 
reasonable to conclude that a high percentage of coffee grounds would be required to 
increase soil K to levels that would be significant for plant health. 
Soil test results for the micronutrients Zn, Fe, and Cu showed that all three were 
improved from applications of 10% CF and T. Applications of PM did not result in Zn, 
Fe, and Cu levels that were different than the control (Table 1.1). All three micronutrients 
were influenced by soil pH with lower solubility as pH increases from 7.8 to 8.5 (Schulte 
and Kelling, 1999). Soil pH influenced Zn availability more than any other factor 
(Schulte, 2004). The lower pH of 10% CF and T treatments likely contributed to the 
higher content of soil Zn, Fe, and Cu. Organic matter improved Fe availability by 
combining Fe3+ forming organic complexes, therefore reducing Fe(OH)3 precipitation 
and other chemical fixations (Lindsay, 1991). The soilless media test also supports soil 
Zn content data as Zn content of CF and T were 83 and 61 times the Zn content of sand 
and 14 and 10 times that of peat moss (Table A.2). Organic matter bound Cu more tightly 
than any other micronutrient, therefore Cu content will decrease as soil OM increases. 
The Cu content will gradually begin to increase as OM begins to decompose. The soil test 
showed that PM had the lowest Cu content. This was likely due to its high OM content 
(second highest among 10% organic treatments and control) and its high pH (second 
highest among 10% organic treatments and control). The 10% CF and T treatments also 
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had high OM content. However, the lower pH from these treatments is likely the factor 
influencing the higher Cu content of these treatments. Organic matter content of 5% CF 
was at the same level of control. However, pH of 5% CF was lower than control This is 
likely why the 5% CF had Cu content higher than control. Similar results were found by 
Morikawa and Saigusa (2011) who found increased Fe and Zn content of rice grains 
following applications of waste CF and T treatments. 
Significant differences were found between years for soil Ca, Mg, Mn, and B. 
Therefore, data from each year were analyzed separately (Table 1.2). Differences 
occurred between years for some parameters. Generally, waste treatments except 5% CF 
had lower or equivalent Ca and Mg content than PM and control. Manganese content of 
tea treatment was higher than all other treatments in both years. Boron content of all CF 
treatments were equivalent to B content of control. Boron content of T and PM were 
higher than B content of control. Boron content of all organic treatments in the second 
year were significantly higher than control. 
The soil test showed that Ca levels following the 15% CF treatment were lower 
than the control in both years of the study (Table 1.2). The greenhouse media test showed 
that S contained around 3 times more Ca than CF and T (Table A.1). Therefore, as CF 
percentage increased, Ca level decreased. Calcium level of the sand used in the second 
year are even higher. Therefore, in the second year, Ca level of all treatments increased. 
Mixing organic amendments with low Ca level with sand that had a high Ca level 
resulted in all organic treatments having lower Ca level than control. Soil Ca levels of all 
treatments were high. Global Soil Survey Report (2014) stated that the minimum Ca level 
for sustainable nutrition (MLSN) for turf was 331 mg/kg. The value of Ca of all 
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treatments were at least 34 times greater than this level indicating that many organic 
amendments should provide plants with adequate Ca. It is very likely S used in this study 
contain high calcite. Because, Wojtowicz (1998) indicated at pH higher than 7.6 CaCO3 
solubility is not more than 248.5 ppm. Huge differences showed between Ca content 
measured in soil test and Ca content measured in soilless media test. Mehlich III 
extraction method will include insoluble CaCO3 (Soil and Plant Analysis Council, 2000); 
while, extraction method used in soilless media test only include soluble Ca in soil filtrate 
(Kidder, 1992). The extra Ca content in soil test very possibly came from calcite in S. 
However, the amount of Ca released from organic products could be a concern for turf 
plants by tying up exchange sites but is likely not toxic to turfgrass (Hull, 1997). 
Results from the soil test showed that the T treatment had significantly lower Mg 
content than the PM treatment and control in both years. Research found high Mn2+ can 
directly and profoundly reduced available Mg (Blackwell et al., 1997). Tea treatment had 
the highest Mn level among all treatments (Table 1.2). The soilless media test also 
showed that the Mn content of T was 6 times greater than that of PM and 4 times greater 
than sand (Table A.2). The lower pH resulting from T treatments likely also caused a 
reduction in the Mg level (Table 1.1). All CF treatments had significantly lower Mg 
levels than PM and control in the first year but increased in the second year (Table 1.2). 
There is limited research available on the contribution of organic material to the soil Mg 
level (Mayland and Wilkinson, 1989). However, Gransee and Führs (2013) indicated Mg 
availability can vary in organic material over time, which could help explain differences 
in soil Mg levels between years. 
 
36 
 
Manganese content in soil from the T treatment was highest in both years. Several 
studies had also shown increased Mn content in soil following tea applications (Powell et 
al., 1998; Saterlay et al., 1999; Coleman and Gilbert, 1939). A study done by Morikawa 
and Saigusa (2011) found both non-composted and composted tea waste to contain high 
Mn. Further, they reported that the Mn content of non-composted tea waste was 
approximately 30 times higher than non-composted coffee waste. However, they were 
unable to see rice grain Mn differences when treated in the field. Soil Mn content from 
the 10% and 15% CF treatments were significantly lower than Mn content in the control. 
High OM in soil will decrease Mn availability (Schulte and Kelling, 1999). Moreover, 
higher levels of soil Cu, Fe Zn will reduce Mn availability (Hong et al., 2010). Soil test 
results showed these nutrients in 10% and 15% CF treatments were higher than the 
control which may explain the reduced Mn content. 
Kelling (1999) states that the majority of soil B is stored in OM. Further, alkaline 
soils are more prone to B deficiency than acidic soils (Ahmad et al., 2012). All 10% 
organic treatments had higher B content than the control in both years with the exception 
of 10% CF in the first year. This was likely due to 10% organic treatments having higher 
OM content and lower pH. In the second year, B content of 5% CF was significantly 
lower than 10% CF and 15% CF. This was likely due to lower OM content and higher pH 
of 5% CF than 10% CF and 15% CF. Kelling (1999) stated dry soils are more prone to B 
deficiency than well irrigated soils. In the first year, B contents of all CF treatments did 
not increase compared to control. Even though we did not measure water content, water 
accumulation on soil surface was observed in CF pots after irrigation in the first year. 
This phenomenon will likely cause some soil drying and a reduction in B availability. 
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However, in the second year, this phenomenon disappeared. Chalker-Scott (2009) 
indicated coffee is extracted in water. Therefore, most of the hydrophobic compounds, 
including oils, lipids, triglycerides, insoluble carbohydrates and fatty acids remain in the 
grounds. One study evaluated organic decomposition on soil water content (Tisdall and 
Oades, 1982). Their results showed decomposition of OM will increase soil water 
content. 
Grass Cover Results of Greenhouse Mixture Study 
Although trends were similar between years, year was a significant factor, thus 
data were reported separately (Table 1.3 and Table 1.4). Generally, grass cover of all 
treatments in the first year were lower than the second year. This trend was more severe 
in the last few weeks of the observation period (Table 1.3 and Table 1.4). It is likely this 
was due to sand leaking from some pots in the first year which lead to uneven grass 
distribution and lower cover ratings after this point. Differences in cover from CF 
treatments also likely caused the differences between years. In the first year, grass cover 
in 10% and 15% CF pots was lower than grass cover in straight sand pots, especially 
early on. This same trend was not apparent in the second year. It is likely that the 
compounds in CF that caused the reduction in cover the first year had diminished with 
time. Similar results were observed by Yamane et al. (2014) who found reduced growth 
rates of guinea grass, sorghum and sunflower following application of 10 kg·m-2 of 
coffee grounds in the first but not in the second year of their study. 
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Table 1.3 Bermudagrass cover percentage across treatments of various organic amendments mixed with sand (2014). Last row 
is F-protected Fisher’s LSD values (P < 0.05). 
Treatment --------------------------------------------------- Bermudagrass cover percentage --------------------------------------------------- 
 W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
15% CFθ 57.00 51.00 45.00 40.00 51.25 52.50 45.00 65.00 55.00 66.25 57.50 62.50 68.75 58.75 
10% CF 52.50 52.50 40.00 38.75 50.00 53.75 40.00 57.50 48.75 63.75 51.25 57.50 55.00 52.50 
5% CF 72.50 77.50 75.00 66.25 72.50 80.00 68.75 81.25 71.25 83.75 77.50 75.00 83.75 82.50 
10% T 87.50 85.00 77.50 71.25 85.00 80.00 73.75 87.50 80.00 85.00 82.50 85.00 86.25 78.75 
10% PM 90.00 95.00 95.00 86.25 87.50 87.50 88.75 90.00 86.25 86.25 83.75 86.25 87.50 82.50 
Control 80.00 72.50 62.50 70.00 68.75 67.50 68.75 75.00 76.25 72.50 77.50 75.00 77.50 72.50 
LSD 18 17 28 19 17 17 23 18 16 15 16 16 15 19 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, W=week.  
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Table 1.4 Bermudagrass cover percentage across treatments of various organic amendments mixed with sand (2015). Last row 
is F-protected Fisher’s LSD values (P < 0.05). 
Treatment --------------------------------------------------- Bermudagrass cover percentage --------------------------------------------------- 
 W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
15% CFθ 82.50 83.75 90.00 88.75 90.00 91.25 90.00 90.00 93.75 93.75 93.75 96.25 98.75 95.00 
10% CF 87.50 82.50 90.00 87.50 86.25 92.50 88.75 88.75 96.25 92.50 96.25 93.75 95.00 96.25 
5% CF 83.75 82.50 87.50 88.75 86.25 88.75 90.00 90.00 90.00 92.50 92.50 93.75 93.75 95.00 
10% T 85.00 83.75 90.00 88.75 83.75 87.50 88.75 88.75 90.00 92.50 90.00 96.25 97.50 96.25 
10% PM 83.75 82.50 88.75 86.25 81.25 85.00 86.25 85.00 87.50 86.25 87.50 92.50 93.75 93.75 
Control 72.50 78.75 82.50 81.25 83.75 83.75 83.75 83.75 83.75 85.00 86.25 87.50 87.50 87.50 
LSD 13 9 5 5 5 6 4 6 5 6 7 4 4 3 
θ Treatment abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, W=week 
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Tissue Test Results from Greenhouse Mixture Study 
No differences were found between years for N, P, K, and Zn, therefore data were 
pooled. The tissue content of these nutrients following the organic waste treatments were 
generally superior to plants treated with PM and controls (Table 1.5). Wells et al. (2008) 
found similar results in mixed pots with non-composted waste tea producing higher N 
and P tissue content and similar K and Zn content to a commercial greenhouse substrate. 
Our results confirmed that non-composted tea waste appears to be as good as or better 
than conventional organic amendments in terms of nutrient availability. 
Very little information is available in the literature on the effect of spent coffee 
grounds on plant tissue nutrient contents. Morikawa and Saigusa (2011) reported 
increased Zn content in brown rice grains grown in soils amended with composted coffee 
and tea waste. However, no previous studies were found that reported tissue N, P, and K 
content following spent coffee applications to soil. Nevertheless, Kitou et al. (1999) 
stated that the total N content of coffee grounds is around 20 g/kg, implying that available 
N for plant uptake increased following coffee applications. Further, Wakasawa et al. 
(1998) suggested that increased CEC and capacity to reducing NO3
- run-off following 
coffee applications will allow soil to hold available N from fertilizer. And finally, 
Yamane et al. (2014) suggested that K holding capacity of coffee treated soils will 
increase due to increased CEC. Our results indicated 10% CF and 15% CF treatments had 
significantly higher N and Zn content than PM treatments. All CF treatments had the 
same level of P and K content compared to PM. The P level of the 10% CF treatment 
increased compared to control. Zinc of 15% CF treatment increased compared to control.  
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Table 1.5 Grass nutrient content of sand/organic mixes in 2014 and 2015 
(pooled). 
Treatment --------------------- Grass Nutrient Content (mg/kg) --------------------- 
 N P K Zn 
15% CFθ 21300 ab§ 2860 abc 12700 ab 70 a 
10% CF 21600 ab 3000 ab 13000 ab 61 ab 
5% CF 20900 abc 2940 abc 12600 b 60 abc 
10% T 23000 a 3060 a 14300 a 56 bc 
10% PM 18400 c 2740 bc 11600 b 50 c 
Control 19700 bc 2680 c 12200 b 51 bc 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Treatment abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat 
moss.  
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Table 1.6 Grass nutrient content of sand/organic mixes in 2014 and 2015 
(separated). 
Year Treatment ------ Grass Nutrient Content (mg/kg) ------ 
  Ca Mg 
 15% CFθ 9690 c§ 1820 c 
 10% CF 11900 a 2520 ab 
2014 5% CF 11500 ab 2590 a 
 10% T 10200 bc 2390 ab 
 10% PM 10500 abc 2120 bc 
 Control 11700 ab 2380 ab 
 15% CF 5710 a 1590 ab 
 10% CF 5590 ab 1680 a 
2015 5% CF 5990 a 1660 a 
 10% T 5660 a 1530 ab 
 10% PM 5340 ab 1600 ab 
 Control 4920 b 1460 b 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Treatment abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
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Differences were found between years for Ca and Mg, therefore, data from each 
year were analyzed separately (Table 1.6). In the first year, the 15% CF treatment 
resulted in significantly lower tissue Ca content than the control. In the second year, the T 
and 5% and 15% CF treated pots had significantly higher tissue Ca than the control. 
Wells et al. (2008) used non-composted tea grounds as greenhouse substrate growing 
Lantana camara and Nephrolepis exaltata. They found Ca content of Lantana camara 
growing in tea was lower than a commercial greenhouse substrate (Fafard® 3B) but saw 
no effect on Nephrolepis exaltata. No previous studies have investigated Ca content in 
plants after applying spent coffee. However, soil test results (Table 1.2) and a previous 
study (Morikawa and Saigusa, 2011) indicate that spent coffee grounds are not good 
providers of Ca. Pandey et al. (2000) reported that coffee grounds contain chlorogenic 
acid which inhibits plant growth. Bangerth (1979) stated that chlorogenic acid is related 
to Ca deficiency disorder of plants. Therefore, it is possible to assume that higher coffee 
percentage could cause Ca deficiency in the first year of the study. Because the organic 
treatments used in the second year were the same source as the first year, some 
decomposition of the materials may have taken place resulting in the loss of the 
inhibitory effect of coffee waste on Ca uptake. Yamane et al. (2014) found the growth 
rate of guinea grass, sorghum and sunflower to be significantly reduced by application of 
10 kg/m2 of coffee grounds. This inhibition was greatly diminished in the second 
cropping season (about one year later). A notable decrease of Ca contents from all 
treatments in the second year was observed. This may have been caused by a 10-d 
irrigation problem in the second year, in which drought symptoms were evident. Sardans 
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et al. (2008) stated that drought is apt to decrease Ca levels in the aboveground biomass 
and this effect was attributed to the reduction in Ca transpiration. 
In both years, Mg content among all 10% organic treatments showed no 
differences, with the exception of 10% CF in the second year. Wells et al. (2008) also 
reported no effect on Mg content following tea and other organic treatments. In the first 
year, Mg content of 15% CF was significantly lower than Mg content of 10% CF and 5% 
CF. No previous studies have investigated plant Mg content after applying coffee 
grounds. High content of K or NH4
+ in the soil often discourage Mg uptake by plants. 
This interference is called antagonism (Hannan, 2011). According to soil test results 
(Table 1.2), 15% CF treatment had significantly higher K and N levels than the control. It 
is likely this factor that caused lower plant Mg content in 15% CF than control in the first 
year. Inconsistent irrigation in the second year may have also caused the difference of Mg 
level of all treatments between both years. Merhaut (2007) stated Mg uptake is affected 
by conditions of soil and rhizosphere. Drought and irregular irrigation decreased Mg 
uptake.  
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Chapter Three: Greenhouse Topdressing Study 
Materials and Methods 
This greenhouse study was initiated June 11, 2014 and repeated June 4, 2015. The 
site was located at the University of Kentucky Spindletop Farm outside Lexington, KY. 
The study was a 4 × 2 × 3 (four organic amendments, two aeration methods, three 
topdressing regimes) factorial experimental design with three replications. Pots of 16.5 
cm diameter and 15 cm depth were filled with USGA spec sand. Treatments included 
spent coffee grounds (CF) (local Starbucks® shop, Starbucks Corporation, Seattle WA), 
spent tea grounds (T) (Milo’s® Tea Company, Bessimer, AL), reed-sedge peat (PM) 
(Dakota™ Peat & Equipment, East Grand Forks, MN), and USGA spec sand as a control. 
Treatments were topdressed according to the following regimes: 1) at establishment; 2) at 
establishment and one month after establishment; 3) at establishment, one month after 
establishment, and two months after establishment. Pots were aerified or not prior to 
initial topdressing to evaluate incorporation versus surface applications. The volume of 
each topdressing event was 112.6 mL/pot which is equivalent to the volume of the holes 
created during aerification. A manual hand-held aerator was constructed consisting of 
two tines with the diameter of 1.27 cm, depth of 12.7 cm, and spacing of 5.1 × 5.1 cm. 
Each aerated pot contained 7 holes. Tifway bermudagrass was sprigged at a rate of 
26,900 kg·ha-1 (McCarty and Miller, 2002). During the establishment period (first two 
weeks after planting), irrigation was applied to keep pots consistently moist. No fertilizer 
was applied at planting. However, fertilizer applications commenced 14 days after 
planting and continued on a 14-day schedule through the entire study. The fertilizer (19-
N, 8-P, 16-K, Southern States® Cooperative, Henrico County, VA) was added every 14 
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days at a rate of 0.9275 g N·m-2. Grass was maintained at a height of 5 cm with hedge 
clippers (Black & Decker® Corporation, Towson, MD). 
After the 30-day establishment period, each pot was rated for visual quality using 
a 0 to 10 scale where 0 was equivalent to no turf cover and 10 was equivalent to full turf 
cover. Visual quality ratings were recorded every 2 weeks until 14 weeks after 
establishment. The final visual quality ratings were recorded on February 13, 2015 and 
February 13, 2016. 
Soil and clipping samples were collected on these same dates for soil and tissue 
tests. Soil pH was determined using glass electrode in 1:1 soil water (Soil and Plant 
Analysis Council, 2000). Soil cation exchange capacity (CEC) was determined via NH4
+ 
saturation of exchange site and analysis of saturated NH4
+ using an NH4
+ ion-selective 
electrode (Soil and Plant Analysis Council, 2000). Soil OM and N were determined using 
LECO combustion method. Soil P, K, Ca, Mg, Zn, Fe, Mn, Cu and B were extracted 
using Mehlich III method (Soil and Plant Analysis Council. 2000). Soil P, K, Ca, Mg, Zn, 
Fe, Mn, Cu and B were analyzed via inductively coupled plasma spectroscopy (ICP). For 
tissue tests, grass clippings samples were dried in oven and ground using a cyclone 
sample mill (Model 3010-030, UDY Corporation, Fort Collins, CO). For tissue N and P 
content, samples were prepared for analysis by weighing 100 mg of dried material into a 
50-mL flask. Then, 5 mL of concentrated sulfuric acid containing 0.05g of salicylic acid 
per mL was added and the samples allowed to react for approximately one hour at room 
temperature. Next, 0.5 g of sodium thiosulfate was added and the samples were placed in 
a Technicon BD-40 block digestor (Technicon Corporation, Tarrytown, NY) set at 180℃ 
for one hour. Then 1.8 g of potassium sulfate and 3 or 4 selenized boiling chips were 
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added to the digestor and the digestion was continued for 2.5 more hours at 360℃. The 
samples were cooled to room temperature then diluted to 50 mL with deionized water. 
After thorough mixing, the samples were poured into polystyrene cups for analysis. For 
N analysis, two reagents were necessary. One contained 0.5% sodium hydroxide and 
0.042% sodium hypochlorite in deionized water; the other contained 1.0% phenol and 
0.02% sodium nitroprusside in deionized water. The samples were introduced into a 
bubble segmented stream (dual Technicon System II Auto-analyzer, Technicon 
Corporation, Tarrytown, NY) followed by the reagents. The reaction took place inside the 
instrument, and the blue indophenol formed was passed through a colorimeter for final 
determination of ammonia concentration. For P analysis, a solution of ammonium 
molybdate (7.5g·1000nL-1) in 1.92 mole·L-1 sulfuric acid was reacted with the sample in 
the segmented stream to form a hetropoly phosphomolybdate complex. This compound 
was then reduced by adding a solution containing 150 g of sodium bisulfite, 5.0 g sodium 
sulfite and 2.5 g 1-amino-2-naphthol-4-sulfonic acid in 1000 mL deionized water and the 
reaction resulted in formation of an intense blue color proportional to the phosphate 
concentration. For tissue K, Ca, Mg and Zn content, samples were prepared for analysis 
by weighing 250 mg of dried material into a 50-mL flask. Samples were placed in a 
muffle furnace (Thermolyne™ 30400, Thermo Fisher Scientific© Inc., Waltham, MA) for 
12 hours at 500℃. Two mL of 12.1 mole·L-1 hydrogen chloride was added to the samples 
and were swirled before cooled to room temperature. Next, 23 mL of water was added 
making the solution concentration 1 mole·L-1. Then, samples were placed on a steam 
plate with watch glass for 20 minutes for cooling. After thorough mixing, the samples 
were poured into polystyrene cups for analysis. Standards were prepared using a blank 
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solution made by first digesting a number of 100 mg pieces of cellulose filter paper 
according to the above protocol. Samples were run on an atomic absorption spectrometer 
(SpectrAA 50B Varian, Varian inc., Palo Alto, CA). Potassium was run by emission and 
Ca, Mg and Zn by absorbance. 
Data were analyzed using the general linear model procedure of SAS (SAS® 
version 9.4; SAS Institute, Cary, NC) with repeated measures for recovery ratings. All 
means were separated using Fisher’s least significant difference test, α=0.05. 
Results and Discussion 
Soil Test Results from Greenhouse Topdressing Study 
Results did not differ significantly between years for soil pH, CEC, OM, N, P, K, 
Zn, Fe, Cu, Mn, and B, thus data were pooled (Table 2.1). 
pH and CEC 
All organic treatments significantly reduced pH. As the number of topdressings 
increased, pH decreased. (Table 2.1) Aerification treatments, however, were not a factor. 
The pH of the sand used for the greenhouse study was 9.0 (Table A.1). This value is 
higher than the optimal pH (between 6.0 and 6.5) for most grasses (Han and Huckabay, 
2008) and can cause nutrient deficiencies due to reduced solubility of nutrients such as 
Fe, P, Mn, Zn, and B (Brady, 1990). The pH of the organic media, however, was much 
lower ranging from 5.0 to 5.5 (Table A.1). Thus, it was not surprising to see lower pH 
values for the sand/organic mixtures. Because the spent coffee grounds had the lowest 
pH, the CF treatment resulted in pH values that were significantly lower than the PM and 
control treatments. Morikawa and Saigusa (2011) found similar results showing the pH of 
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non-composted spent coffee grounds and tea leaves in their study to be 5.26 and 5.86 
respectively. Wells et al. (2008) mixed spent tea with soil for greenhouse containers and 
found the substrate pH to range from 4.6 to 4.9 seven days after planting. The pH 
increased and range from 5.5 to 6.1 63 days after planting, indicating the relatively 
stability of non-composted spent tea waste. Papafotiou et al. (2001) explained that 
organic compounds that are relatively stable and have a predictable pH are good 
attributes for alternatives to peat moss. Cogger et al. (2008) investigated the difference 
between surface application and incorporation of yard debris compost (grass clippings, 
leaves, weeds, woody trimmings) on soil pH. They assessed short and midterm effects of 
surface applied or incorporated compost on soils. Initial pH of the compost material was 
higher than soil pH. Results showed soil pH of the incorporated compost treatment was 
elevated compared with the soil pH of the surface applied compost treatment one year 
after application. During composting, bacteria and fungi digesting OM will release 
several organic acids. In anaerobic conditions, these organic acids will accumulate and 
pH will further decrease. In aerobic conditions, organic acids will break down and pH 
will increase (Dickson et al., 1991). Therefore, their results may have differed from the 
current study due to differences in soil moisture and pH. They also found soil pH of the 
incorporated compost treatment was not different than the surface applied treatment 6 
years after application (Cogger et al., 2008). Our study showed no significant difference 
between surface application and incorporation. It is likely because aeration promoted 
exchange of oxygen and carbon dioxide between the soil pore space and the atmosphere, 
pH of aerated soil was higher than the non-aerated soil due to less accumulated carbon 
dioxide from root respiration and OM decomposition in aerated soil (McCauley et al., 
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2017). Even though aeration promoted acidic OM incorporation with alkaline sand, pH 
remained unchanged.
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Table 2.1 pH, cation exchange capacity (CEC), organic matter (OM), and soil nutrient content of sand/organic topdressing in 
2014 and 2015 (pooled). 
Treatment pHη CEC (cmolc·kg-1) OM (%) ------------------------------ Soil Nutrient Content (mg·kg-1) ------------------------------ 
    N P K Mg Zn Fe Cu Mn B 
CFθ 8.52 c§ 1.90 b 5.7 a 690 b 8.56 a 208.6 a 424 c 3.2 ab 137 a 1.0 a 70.9 b 0.277 b 
T 8.53 bc 2.89 a 6.0 a 1120 a 8.86 a 108.0 b 490 a 4.4 a 138 a 1.0 a 106.1 a 0.391 a 
PM 8.59 b 3.13 a 5.9 a 840 ab 5.08 b 28.6 c 508 a 3.9 a 125 b 0.7 b 73.1 b 0.285 b 
Control 8.83 a 1.58 c 4.8 b 190 c 4.17 b 34.1 c 457 b 2.4 b 132 ab 0.6 b 73.8 b 0.234 b 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, CEC=cation exchange capacity, OM=organic matter. 
η Soil pH were measured by glass electrode. CEC were determined via NH4+ saturation of exchange site and analyzed using NH4+ ion-
selective electrode. Soil OM and N was determined using LECO combustion method. Soil P, K, Mg, Zn, Fe, Cu, Mn, B were 
extracted using Mehlich III method and analyzed via ICP.
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As expected, all organic treatments showed improvements in CEC compared to 
the control (Table 2.1). Aeration followed by organic topdressing did not affect CEC, but 
just as for pH, the number of topdressings did have a positive impact on CEC. It has been 
well established that adding organic amendments to soils can improve the CEC of soils 
(Ketterings et al., 2007; Sonon et al., 2014; Brady, 1990). Liu et al. (2005) compared 
peanut shell biosolids with peat moss as organic amendments in sand and found that both 
organic sources improved the CEC. A laboratory study done by Kasongo et al. (2011) 
investigated CEC changes after topdressing different rates of non-composted spent coffee 
grounds on sandy soil. Their results endorse the current findings as they reported 
increased CEC following applications of spent coffee. Munshaw et al. (2012) designed a 
study to evaluate the effect of topdressed non-composted spent coffee and tea grounds on 
a sandy soil growing bermudagrass. Their results also showed spent coffee and tea 
grounds improved CEC. 
Organic Matter and Soil Nutrients 
Organic matter content increased in pots treated with organic products, however, 
no differences were found among organic treatments (Table 2.1). Generally, as volume of 
CF increased in pots, so did percent OM. This is somewhat intuitive since CF, T and PM 
are organic material, increasing the percentage of CF in soil should increase the percent 
OM in that soil. This increase in OM will result in a greater nutrient holding capacity 
allowing cations such as NH4
+, K+, Zn2+, and Cu2+ to be more easily held (Sanders et al., 
1987; Froehlich, 1979). 
All organic treatments resulted in increased N content of the soil (Table 2.1). 
Yamane et al. (2014) also found that applications of coffee grounds increased soil N. 
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Although the organic treatments improved soil N content over the control, previous 
research has shown that peat moss alone does not possess enough N content for healthy 
grass growth on its own (Marrush, 2007). The organic media report showed even lower N 
content in tea and coffee. It is most likely these organic amendments increase soil N by 
increasing CEC resulting in more NH4
+ from fertilizer to be held. Additionally, low pH 
will reduce NH4
+ volatilization (Waring and Bremner, 1964), and consequently, increase 
the availability of N. Wakasawa et al. (1998) also found increases in soil N following 
coffee grounds applications by largely reducing NO3
- run-off. This finding is useful for 
sand based athletic fields which usually have a high potential of NO3
- run-off (Brady, 
1990). Based on these studies, the N increased in the current study, at least from the CF 
and T treatments may be caused by their ability to reduce NO3
- run-off and by their high 
CEC to hold NH4
+ from supplemental fertilizer. 
Soil P level increased following CF and T applications. (Table 2.1). According to 
the soilless media test, P content in coffee and tea were about 300 times higher than P 
content in PM. Phosphorus availability is highly affected by pH. Reactions between 
phosphate and Ca2+ when pH is above 7.5 often result in P deficiencies (USDA-NRCS, 
n.d.). Brady (1990) explained as soil pH increases from 7.5 to 9.0, the relatively available 
P will decrease. The lower pH of T and CF was likely one of the reasons available P in 
the soil increased following applications. Results from the current study were similar to 
results from Wells et al. (2008) who found increased tissue P in Lantana camara from 
pots containing non-composted spent tea waste. 
Analysis of Soil K showed that the CF treatment resulted in the highest soil K 
followed by the T treatment. The PM treatment did not increase K level from the control. 
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Potassium availability is highest in neutral and slightly acidic soils. Potassium availability 
also can be affected by competition with Ca for cation exchange sites (Noble, 2004). The 
CF and T treatments had the closest pH to 7 (Table 2.1) and lowest Ca (Table 2.2) 
content in both years of the study. The soilless media test showed that the K content of 
tea and coffee are approximately 1,000 times that of peat moss (Table A.1). A soilless 
media test presented by Morikawa and Saigusa (2011) showed similar numbers for K 
content of tea and coffee. 
The CF treatment had significantly lower Mg content than control and PM 
treatment. This was likely due to CF treatment having the highest K content among all 
treatments (Table 2.1). The lower pH of the CF treatment also likely influenced the Mg 
level (Table 2.1). Kitou and Okuno (1999) also found that coffee residue has low Mg 
content. They found that soil Mg content decreased after applying coffee residue. This 
finding is similar with ours in which Mg content of CF treatment was lower than control. 
Magnesium content of the T treatment was not different than the PM treatment. Wells et 
al. (2008) evaluated foliar Mg content of Lantana camara and Nephrolepis exaltata after 
using spent tea grounds as a greenhouse substrate. They found similar results to the 
current study where Mg differences were not apparent between spent tea grounds and a 
commercial substrate (Fafard® 3B). 
Soil test results for micronutrients were also highly variable (Table 2.1). Zinc 
content following T treatment increased while CF treatment resulted in decreases 
compared to control. Organic matter binds Zn in a chelated form (Schulte, 2004). 
Through the chelation process certain metals are held within the structure of large organic 
molecules. Chelated metals do not move through soil. Several studies (Bear, 1950; 
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Brown, 1950; Camp, 1954) reported the availability of Zn in soil was decreased with 
increasing OM. Schulte (2004) also indicated both sandy and organic soils contain low 
levels of Zn compared to silty and clayey soils. High CEC is also a major factor 
increasing Zn availability (Sutradhar, et al., 2016). Tea and PM treatments showed 
highest CEC among all treatments. Therefore, Zn content of T and PM treatments were 
higher than the control (Table 2.1). Soil Fe content was not improved by T or CF 
treatments while PM resulted in a reduction in Fe content. Lower pH and higher OM 
content of CF, T and PM treatments would contribute to higher Fe content than control 
(Schulte and Kelling, 1999). However, higher P content of CF and T treatments and 
higher Zn content of T and PM treatments would decrease Fe content (McKeague et al., 
1971; Morrissey and Guerinot, 2009). Consequently, all organic treatments showed no Fe 
content differences from the control. Copper content of both T and CF were significantly 
higher than PM and control. According to the soilless media test, Cu content of T and CF 
were 7 times and 9.5 times the Cu content of sand and 28 and 38 times the Cu content of 
PM. Copper availability is also influenced by soil pH with lower solubility as pH 
increases from 8.5 to 8.9 (Schulte and Kelling, 1999). However, influences of pH on 
these nutrients were relatively mild at this pH range. Due to the acidifying effect of the 
CF and T treatments, the relatively higher soil Cu levels from these treatments may at 
least be partially explained by the reduced pH. Manganese content of T is significantly 
higher than other treatments. Several previous studies (Hope et al., 2006; Coleman and 
Gilbert, 1939; Powell and Thompson, 1998) reported high Mn levels in tea waste. 
Manganese availability increases as pH decreases (Schulte and Kelling, 1999). Morikawa 
and Saigusa, (2011) found increased Fe and Zn content of rice grains following 
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topdressing of waste coffee grounds and tea leaves into rice paddies. The authors also 
found increased Mn content of rice grains from coffee treatment and reduced Cu content 
of rice grains from tea treatment. Their results were similar to ours, despite our results 
showing increased Cu content following CF and T treatments. Differences between the 
two studies may be due to nutrient reports from rice grains rather than soil. As plants 
have developed strategies to regulate the uptake of metals, soil test results may be 
different (Welch, 1995). 
Tea was the only treatment to improve soil B levels from the control. (Table 2.1) 
Kelling (1999) reported that B is primarily stored in soil OM. Alkaline soils are more 
prone to B deficiency than acidic soils. Dried soil is more prone to B deficiency than well 
irrigated soil. Even though water content was not measured in the current study, water 
accumulation on soil surface was observed in CF pots after irrigation. This phenomenon 
likely caused at least some soil drying. Thus, B content of CF treatments may not have 
increased due to somewhat dryer soil than the control. Bartlett and Picarelli (1973) 
showed that higher P content will increase B accumulation and availability. It is likely 
because P contents of PM treatment was at the same level with P content of control. The 
PM treatment did not increase B compared to the control. No previous study has looked 
into B content of spent coffee and tea. 
Results showed significant differences between years for soil Ca, thus data were 
presented separately (Table 2.2). Soil Ca levels all decreased following organic treatment 
in the first year while only CF was lower in the second year. The reduced Ca levels may 
have been due to soil pH. As pH increases, Ca content can also increase. Additionally, 
the greenhouse media test showed that sand contained approximately 3 times more Ca 
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than coffee and tea (Table A.1). Therefore, topdressing coffee and tea likely decreased 
the Ca concentration. Previous research has reported similar findings with coffee 
(Morikawa and Saigusa, 2011) and tea (Wells et al., 2008). Soil Ca content from all 
treatments was higher in the second year than the first. The same phenomenon was 
observed in the greenhouse mixture study (Table 1.2). The soilless media test was only 
conducted in the first year. Therefore, we were unable to compare Ca content between the 
two years. However, it is reasonable to conclude that differences between years could be 
a result of different sands used in either year which may contain different levels of Ca. 
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Table 2.2 Soil Ca content of sand/organic topdressing in 2014 and 2015 
(separated). 
Year Treatment Caη (mg·kg-1) 
 CFθ 25100 b§ 
2014 T 24900 b 
 PM 25700 b 
 Control 28900 a 
 CF 29100 b 
2015 T 31900 a 
 PM 31400 a 
 Control 31300 a 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
η Soil Ca was extracted using Mehlich III method and analyzed via ICP.  
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Aeration had little effect on soil nutrient content with the exception of Cu (Table 
2.3, 2.4, & 2.5). Rehm and Schmitt (2002) reported that a low concentration of soil Cu is 
usually related to high organic content. It was feasible that the surface applications may 
have inhibited Cu movement into the soil. More Cu were bonded by organic 
amendments. No previous research was identified which compared the effect of aeration 
and no aeration before topdressing organic amendments on soil or turf properties. 
Johnson et al. (2006) indicated the reason aerating before topdressing organic 
amendments is to increase soil OM content. Berndt (1986) reported that aeration will 
break down accumulated thatch and incorporate new OM deeper. Results of the current 
study showed significant differences between years for soil Ca, thus data are presented 
separately (Table 2.5). Soil Ca content from all treatments was higher in the second year 
than the first. The same phenomenon was observed in the greenhouse mixture study 
(Table 1.2). Soilless media test was only conducted in the first year, therefore, we were 
unable to compare Ca content between years. However, it is reasonable to conclude 
differences may be due to different sand sources used in either year containing different 
levels of Ca.  
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Table 2.3 Effect of aeration on pH, cation exchange capacity (CEC), organic 
matter (OM), and soil nutrient content in 2014 and 2015 (pooled). 
Aeration pHη CEC (cmolc·kg
-1) OM (%) Soil Nutrient Content (mg·kg-1) 
    N P K 
Aθ 8.62 a§ 2.46 a 5.6 a 689 a 7.64 a 89.7 a 
N 8.62 a 2.28 a 5.7 a 728 a 5.69 a 99.9 a 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated, CEC=cation exchange capacity, 
OM=organic matter. 
η Soil pH were measured by glass electrode. CEC were determined via NH4
+ saturation 
of exchange site and analyzed using NH4
+ ion-selective electrode. Soil OM and N was 
determined using LECO combustion method. Soil P, K were extracted using Mehlich III 
method and analyzed via ICP. 
Table 2.4 Effect of aeration on soil nutrient content in 2014 and 2015 (pooled). 
Aeration ------------------------ Soil Nutrient Contentη (mg·kg-1) ------------------------ 
 Mg Zn Fe Cu Mn B 
Aθ 474 a§ 3.2 a 135 a 0.9 a 80.8 a 0.284 a 
N 464 a 3.7 a 131 a 0.8 b 81.1 a 0.310 a 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP.  
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Table 2.5 Effect of aeration on soil Ca content in 2014 and 2015 (separated). 
Year Aeration Caη (mg·kg-1) 
2014 Aθ 26400 a§ 
 N 25900 a 
2015 A 30600 a 
 N 31300 a 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated. 
η Soil Ca were extracted using Mehlich III method and analyzed via ICP.  
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As was shown with pH and CEC, increasing the number of topdressings generally 
resulted in higher levels of soil nutrients (Table 2.6 and Table 2.7). Soil test results 
showed that OM, N, K, Mg, Zn, B had higher concentrations as number of applications 
increased. As OM increases, CEC also increases (Sanders et al., 1987; Froehlich, 1979). 
This may partially explain increases in some of the nutrient levels. Previous research also 
found coffee grounds to increase soil N by largely reducing NO3
- run-off (Wakasawa et 
al., 1998). Although runoff was not measured in the current study, higher levels of N may 
at least be partially explained by a reduction in NO3
- runoff. Zinc availabilities are also 
influenced by pH (Schulte and Kelling, 1999; Camberato and Maloney, 2012). 
Availability of Zn will increase as pH decreases (Table 2.6 and Table 2.7). Soil test 
results showed that P, Fe, Cu, and Mn concentration did not differ as number of 
applications increased. The PM treatment did not influence soil P, Cu, and Mn levels. 
The CF treatment showed no effect on soil Mn content, while Fe levels were not affected 
by any organic treatment. Different organic amendments have different effects on soil 
nutrients. Therefore, increasing the number of organic topdressings may not show 
increases in nutrient levels. Further, a reduction in soil Ca content was evident with 
increased number of applications in both years (Table 2.8). Generally, as pH decreases, 
Ca level also decreases (Kelling and Schulte, 2004). Similar results were observed in the 
greenhouse mixture study. As CF percentage increased, soil Ca level decreased. Coffee 
(Morikawa and Saigusa, 2011) and tea (Wells et al., 2008) have previously been reported 
to limit soil Ca levels.  
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Table 2.6 Effect of number of treatments on pH, cation exchange capacity (CEC), 
organic matter (OM), and soil nutrient content in 2014 and 2015 (pooled). 
Number of 
Treatments 
pHη 
CEC 
(cmolc·kg
-1) 
OM (%) Soil Nutrient Content (mg·kg-1) 
    N P K 
1θ 8.71 a§ 2.00 b 5.2 b 482 b 5.58 a 57 c 
2 8.61 b 2.16 b 5.6 ab 700 ab 6.44 a 95 b 
3 8.54 c 2.95 a 5.9 a 945 a 7.98 a 132 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right 
after establishment and one month after establishment, 3=topdressed three times right 
after establishment, one month after establishment and two months after establishment, 
CEC=cation exchange capacity, OM=organic matter. 
η Soil pH were measured by glass electrode. CEC were determined via NH4
+ saturation 
of exchange site and analyzed using NH4
+ ion-selective electrode. Soil OM and N was 
determined using LECO combustion method. Soil P, K were extracted using Mehlich III 
method and analyzed via ICP  
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Table 2.7 Effect of number of treatments on soil nutrient content in 2014 and 
2015 (pooled). 
Number of 
Treatments 
-------------------- Soil Nutrient Contentη (mg·kg-1) -------------------- 
 Mg Zn Fe Cu Mn B 
1θ 458 b§ 3.0 b 130 a 0.8 a 79.1 a 0.264 b 
2 470 ab 3.3 b 134 a 0.8 a 80.9 a 0.286 b 
3 481 a 4.0 a 135 a 0.9 a 82.9 a 0.340 a 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right 
after establishment and one month after establishment, 3=topdressed three times right 
after establishment, one month after establishment and two months after establishment. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP.  
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Table 2.8 Effect of number of treatments on soil Ca content in 2014 and 2015 
(separated). 
Year 
Number of 
Treatments 
Caη (mg·kg-1) 
 1θ 27000 a§ 
2014 2 26400 ab 
 3 25100 b 
 1 31700 a 
2015 2 31000 a 
 3 30100 b 
§ Data were generated with the Mehlich III soil test method. Values followed by the same 
letter within a column are not different (P>0.05). 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right 
after establishment and one month after establishment, 3=topdressed three times right 
after establishment, one month after establishment and two months after establishment. 
η Soil Ca were extracted using Mehlich III method and analyzed via ICP.  
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Grass Cover Results of Greenhouse Topdressing Study 
Although similar trends were observed, results differ significantly between years 
for grass cover ratings. Therefore, data from both years were analyzed separately (Tables 
2.3 & 2.4). The cause of the differences between the two years was the increase of grass 
cover in the CF pots in year 2. In the first year, grass cover in CF pots was significantly 
lower than grass cover in PM and T pots in a few early weeks. This phenomenon 
gradually diminished in the later weeks. In the second year, grass cover in CF pots was 
significantly higher than grass cover in PM and T pots in a few early weeks. This 
phenomenon also gradually diminished in later weeks. It is likely that the compounds in 
CF that caused the reduction in cover the first year had diminished with time. Similar 
results were observed by Yamane et al. (2014) who found reduced growth rates of guinea 
grass, sorghum and sunflower following application of 10 kg/m2 of coffee grounds in the 
first but not in the second year of their study. The effect that the organic treatments had 
on grass cover also diminished over the evaluation period in both years of the study. 
Differences in cover were also noted for aeration treatments as aerated pots had less 
cover in both years (Table 2.11 and Table 2.12). This was likely due to the thinning of the 
grass during aeration. Number of topdressings also did not have a consistent effect on 
grass cover content in either year (Table 2.13 and Table 2.14). 
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Table 2.9 The effect of organic treatments on percent cover of bermudagrass across weeks in 2014. 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
CFθ 58.33 62.22 61.67 54.72 54.44 53.61 50.56 60.00 59.44 63.33 60.56 57.22 65.00 69.17 
T 55.56 62.78 68.89 66.11 62.22 63.06 59.44 65.83 65.28 71.11 66.11 62.22 70.28 66.94 
PM 63.33 70.56 73.33 67.22 66.11 72.78 64.44 73.61 74.17 73.89 66.39 63.33 70.56 77.78 
Control 44.67 37.50 35.83 42.50 36.67 40.83 42.50 44.17 45.83 48.33 43.33 45.00 55.83 58.33 
LSD† 6 8 7 8 8 8 8 8 7 7 6 7 8 7 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05).  
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Table 2.10 The effect of organic treatments on percent cover of bermudagrass across weeks in 2015. 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
CFθ 56.39 59.72 60.00 57.78 62.22 61.11 61.67 63.61 64.17 66.39 71.11 70.00 70.56 71.67 
T 52.22 54.17 54.17 51.39 54.72 54.44 61.39 62.78 61.94 72.50 63.33 65.00 70.83 71.94 
PM 52.50 65.00 48.89 62.50 64.44 58.06 61.94 63.06 65.83 68.33 58.61 61.11 69.72 70.56 
Control 41.67 37.50 35.83 42.50 36.67 40.83 42.50 44.17 45.83 48.33 43.33 45.00 55.83 58.33 
LSD† 7 7 5 5 5 5 5 5 4 4 3 4 5 3 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05).  
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Table 2.11 Effect of aeration on bermudagrass cover percentage (2014). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
Aθ 49.44 52.22 50.97 51.94 48.19 52.63 51.94 57.36 57.08 60.97 54.03 54.58 62.36 66.39 
N 60.00 64.31 68.89 63.33 61.53 62.50 56.53 64.44 65.28 67.36 64.17 59.06 68.47 69.72 
LSD† 4 6 5 6 5 5 6 5 5 5 4 5 5 5 
θ Abbreviations: A=aerated, N=not aerated, W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05).  
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Table 2.12 Effect of aeration on bermudagrass cover percentage (2015). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
Aθ 44.03 52.22 46.53 46.94 48.61 47.78 53.47 52.78 54.03 58.19 54.86 55.14 60.00 62.50 
N 57.36 55.97 52.92 60.14 60.42 59.44 50.28 64.03 64.86 69.58 63.33 65.42 73.47 73.75 
LSD† 5 5 4 3 3 4 4 3 3 3 2 2 4 2 
θ Abbreviations: A=aerated, N=not aerated, W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05).  
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Table 2.13 Effect of number of treatments on bermudagrass cover percentage (2014). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
1θ 55.83 58.96 59.79 57.50 58.13 59.17 53.54 62.29 62.50 63.75 62.92 61.46 68.96 68.33 
2 54.58 58.13 59.79 57.71 52.08 58.13 55.00 60.63 61.25 64.17 61.04 59.17 66.88 66.46 
3 53.75 57.71 60.21 57.71 54.38 55.42 54.17 59.79 59.79 64.58 53.33 50.21 60.42 69.38 
LSD† 5 7 6 7 7 7 7 7 6 6 5 6 7 6 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right after establishment and one month after 
establishment, 3=topdressed three times right after establishment, one month after establishment and two months after establishment, 
W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05).  
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Table 2.14 Effect of number of treatments on bermudagrass cover percentage (2015). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 W 13 W 14 
1θ 52.29 54.58 52.50 55.83 56.45 55.63 57.50 60.83 62.50 65.83 60.63 61.25 66.88 67.71 
2 51.88 53.54 49.58 52.71 53.96 52.71 56.25 59.58 60.63 64.58 60.63 62.50 68.54 68.96 
3 47.92 54.17 47.08 52.08 53.13 52.50 56.88 54.79 55.21 61.25 56.04 57.08 64.79 67.71 
LSD† 6 6 5 6 4 4 4 4 4 3 3 3 4 3 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right after establishment and one month after 
establishment, 3=topdressed three times right after establishment, one month after establishment and two months after establishment, 
W=week. 
† LSD=Fisher’s protected least significant difference (P<0.05). 
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Tissue Test Results from Greenhouse Topdressing Study 
Tissue test results were not different between years for N, P, K, Mg, and Zn. 
Therefore, data were pooled (Table 2.15). With only a few exceptions, the bermudagrass 
tissue content of N, P, K, Mg, and Zn from CF and T treatments were higher than that of 
the PM treatment and control. A previous study found similar results when comparing 
spent tea to traditional potting amendments. Wells et al. (2008) found N and P content of 
Lantana camara and Nephrolepis exaltata are higher in all substrates contain spent tea 
than in commercial substrate (Fafard® 3B). They found similar K, Mg, and Zn contents in 
all organic substrates. These results along with the current study indicated that spent tea 
used as an organic amendment can provide greater or equivalent N, P, K, Mg and Zn as 
conventional organic amendments. 
Several studies have investigated soil nutrient content after applying coffee 
grounds (Kitou et al., 1999; Matsubara et al., 2002; Yamane et al., 2014). However, very 
few have investigated plant nutrient content following application of coffee grounds. 
Morikawa and Saigusa (2011) found increased Zn content in brown rice grain following 
applications of composted tea and coffee waste. No previous studies were identified 
measuring N, P, K, or Mg content of plants after applying coffee grounds to soil. High 
water content and high CEC of coffee grounds will endorse increasing available K 
holding capacity (Yamane et al., 2014). If these nutrients are better able to be held in soil, 
the possibility of greater uptake exists. It has been suggested that tea grounds are 
beneficial for providing plant N, P and K. Wells et al. (2008) showed increased foliar N 
and P compared to a commercial substrate (Fafard® 3B). Further, the authors reported 
 
74 
 
that spent tea grounds provided the same level of foliar K content compared to a 
commercial substrate. 
Table 2.15 Tissue nutrient content of Tifway bermudagrass following sand or 
organic topdressing in 2014 and 2015 (pooled). 
Treatment ------------------- Grass Nutrient Content (mg·kg-1) ------------------- 
 N P K Mg Zn 
CFθ 20900 bc§ 3480 a 14200 a 1870 b 91 a 
T 23600 a 3310 a 15100 a 2220 a 63 b 
PM 21900 b 2690 b 11800 b 1990 b 54 b 
Control 20800 c 2400 c 11700 b 1960 b 58 b 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
Differences were found between years for Ca, thus data were presented separately 
(Table 2.16). In the first year, CF and T had tissue Ca levels that were higher than the 
control. In the second-year T and PM treatments resulted in tissue Ca levels that were 
higher than the control. Wells et al. (2008) found higher foliar Ca content of Lantana 
camara in soil treated with spent tea grounds than a commercial substrate. The authors 
also found similar foliar Ca content of Nephrolepis exaltata between the two treatments. 
Their finding was similar to the current study as grass Ca content between T and PM 
treatments in the first year was similar and higher in the T treatment in the second year. 
No previous research has investigated Ca contents in plants after applying spent coffee. 
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However, soil test results (Table 2.2) and previous research (Morikawa and Saigusa, 
2011) indicated that coffee grounds do not supply Ca in sufficient amounts. The lower 
pH of soil treated with CF likely causes lower available Ca in the soil (Brady, 1990). 
Pandey et al. (2000) reported that coffee grounds contain chlorogenic acid which inhibits 
plant growth. Bangerth (1979) stated chlorogenic acid is related to Ca deficiency disorder 
of plants. Therefore, the possibility existed that coffee grounds could reduce Ca uptake. 
Table 2.16 Grass nutrient content of sand/organic topdressing in 2014 and 2015 
(separated). 
Year Treatment Ca (mg·kg-1) 
 CFθ 8990 a§ 
2014 T 9170 a 
 PM 8730 ab 
 Control 8200 b 
 CFθ 5310 c 
2015 T 6490 a 
 PM 5820 b 
 Control 5140 c 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss.  
 
76 
 
Table 2.17 Effect of aeration on grass nutrient content of sand/organic topdressing 
in 2014 and 2015 (pooled). 
Treatment ------------------- Grass Nutrient Content (mg·kg-1) ------------------- 
 N P K Mg Zn 
Aθ 21300 b§ 2930 a 13200 a 2060 a 64 a 
N 22300 a 3010 a 13200 a 1960 b 71 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated. 
 
Table 2.18 Effect of aeration on grass Ca content of sand/organic topdressing in 
2014 and 2015 (separated). 
Year Treatment Ca (mg·kg-1) 
2014 Aθ 9150 a§ 
 N 8390 b 
2015 A 5600 a 
 N 5780 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated.  
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Aerification caused a reduction in tissue N (Table 2.17 and Table 2.18). In 
general, organic amendments tend to increase CEC leading to increased NH4
+ holding 
capacity. In the non-aerated pots, applied fertilizer would first contact organic 
amendments on the surface of each pot. Ammonium could be absorbed by this thick 
organic layer. In the aerated treatment, NH4
+ from fertilizer could be held in the 
aerification holes filled with organic amendments, but this possibility decreases between 
aerification holes. Therefore, NH4
+ was more likely to leach from the bottom of the pots. 
Alternatively, aerated pots had higher Mg content than non-aerated pots. Previous 
research indicated that Mg absorption by plants is rapid in aerated young plants 
(Loehwing, 1935). Thus, although both aerified and non-aerified treatments would still 
have high soil O2 due to the nature of sands, if soil O2 increased following aerification, 
this could have been the difference in the Mg tissue content differences.  
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Table 2.19 Effect of number of treatments on grass nutrient content of 
sand/organic topdressing in 2014 and 2015 (pooled). 
Number of 
Treatments 
------------------- Grass Nutrient Content (mg·kg-1) ------------------- 
 N P K Mg Zn 
1θ 21800 a§ 2660 c 11900 b 1960 b 54 b 
2 21300 a 3030 b 13400 a 1980 b 75 a 
3 22200 a 3210 a 14200 a 2090 a 71 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right 
after establishment and one month after establishment, 3=topdressed three times right 
after establishment, one month after establishment and two months after establishment.  
 
79 
 
Table 2.20 Effect of number of treatments on grass Ca content of sand/organic 
topdressing in 2014 and 2015 (separated). 
Year Number of Treatments Ca (mg·kg-1) 
 1θ 8600 a§ 
2014 2 9000 a 
 3 8720 a 
 1 5570 a 
2015 2 5770 a 
 3 5730 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: 1=topdressed once right after establishment, 2=topdressed twice right 
after establishment and one month after establishment, 3=topdressed three times right 
after establishment, one month after establishment and two months after establishment. 
Tissue test results showed that N, P, K and Mg contents increased as number of 
applications increased (Table 2.19). Soil N, K and Mg contents also increased as 
application number increased. The soilless media test also showed all organic 
amendments had higher organic N, P, K and Mg than sand. It is intuitive that adding 
more of the organic material, levels of these nutrients will increase. No previous research 
has investigated different ratios of spent coffee and tea on plant nutrients.  
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Chapter Four: Evaluating Effect of Topdressing Spent Coffee and 
Tea Grounds on Soil Properties of Native Soil Based Athletic Field 
Materials and Methods 
A field study was initiated on May 28, 2014 and repeated on May 28, 2015. The 
site was located at the intramural soccer pitch located on the campus of the University of 
Kentucky in Lexington, KY. The root zone material was a native soil and the pitch was 
grassed with Kentucky bluegrass (Poa pratensis). This study was a 4 × 2 factorial that 
was set up in a randomized complete block design with four replications. Plots were 1.22 
× 3.05 m2. Aerification was applied to half of the plots once at the beginning of the study 
using a Jacobsen® Aero King T1224 aerator (Jacobsen Manufacturing, Charlotte, NC) 
with 1.27 cm tine diameter, 5 cm depth and 5 × 5 cm spacing. Treatments included 
topdressings of CF, T, and PM. Control plots did not receive any topdressing treatments. 
The volume of topdressing was 9.272 L/plot which was equivalent to the volume of holes 
created during aerification. No fertilizers or irrigation were applied during the field study. 
Traffic simulation began September 9, 2014 using a Cady traffic simulator 
(Henderson et al., 2005). Traffic treatments were imposed twice per week in 2 directions 
for 9 weeks. Surface hardness and volumetric water content were measured weekly using 
a 2.25 kg Clegg Impact Surface Tester (SDI Instrumentation, Tellisford, England) and a 
Field Scout TDR 300 Soil Moisture Meter (Spectrum Technologies, Aurora, IL), 
respectively. Visual quality was rated in 2015 for nine weeks prior to traffic simulation 
using a 1 to 9 scale where 1 is equivalent to brown/dead grass and 9 is equivalent to dark 
green/thick grass. Soil samples were collected upon completion of traffic for soil testing. 
Soil pH was determined using a glass electrode in 1:1 soil water (Soil and Plant Analysis 
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Council, 2000). Soil cation exchange capacity (CEC) was determined via NH4
+ saturation 
of exchange site and analysis of saturated NH4
+ using an NH4
+ ion-selective electrode 
(Soil and Plant Analysis Council, 2000). Soil OM and N were determined using LECO 
(Laboratory Equipment Corporation) combustion method. Soil P, K, Ca, Mg, Zn, Fe, Mn, 
Cu and B were extracted using Mehlich III method (Soil and Plant Analysis Council. 
2000). Soil P, K, Ca, Mg, Zn, Fe, Mn, Cu and B were analyzed via inductively coupled 
plasma spectroscopy (ICP). Clipping samples were only collected in 2015 upon 
completion of traffic for tissue test. For tissue N and P content, samples were prepared 
for analysis by weighing 100 mg of dried material into a 50-mL flask. Then, 5 mL of 
concentrated sulfuric acid containing 0.05g of salicylic acid per mL was added and the 
samples allowed to react for approximately one hour at room temperature. Next, 0.5 g of 
sodium thiosulfate was added and the samples were placed in a Technicon BD-40 block 
digestor (Technicon Corporation, Tarrytown, NY) set at 180℃ for one hour. Then 1.8 g 
of potassium sulfate and 3 or 4 selenized boiling chips were added to the digestor and the 
digestion was continued for 2.5 more hours at 360℃. The samples were cooled to room 
temperature then diluted to 50 mL with deionized water. After thorough mixing, the 
samples were poured into polystyrene cups for analysis. For N analysis, two reagents 
were necessary. One contained 0.5% sodium hydroxide and 0.042% sodium hypochlorite 
in deionized water; the other contained 1.0% phenol and 0.02% sodium nitroprusside in 
deionized water. The samples were introduced into a bubble segmented stream (dual 
Technicon System II Auto-analyzer, Technicon Corporation, Tarrytown, NY) followed 
by the reagents. The reaction took place inside the instrument, and the blue indophenol 
formed was passed through a colorimeter for final determination of ammonia 
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concentration. For P analysis, a solution of ammonium molybdate (7.5g·1000nL-1) in 
1.92 mole·L-1 sulfuric acid was reacted with the sample in the segmented stream to form 
a hetropoly phosphomolybdate complex. This compound was then reduced by adding a 
solution containing 150 g of sodium bisulfite, 5.0 g sodium sulfite and 2.5 g 1-amino-2-
naphthol-4-sulfonic acid in 1000 mL deionized water and the reaction resulted in 
formation of an intense blue color proportional to the phosphate concentration. For tissue 
K, Ca, Mg and Zn content, samples were prepared for analysis by weighing 250 mg of 
dried material into a 50-mL flask. Samples were placed in the muffle furnace 
(Thermolyne™ 30400, Thermo Fisher Scientific© Inc., Waltham, MA) for 12 hours at 
500℃. Two mL of 12.1 mole·L-1 hydrogen chloride was added to the samples and were 
swirled before cooled to room temperature. Next, 23 mL of water was added making the 
solution concentration 1 mole·L-1. Then, samples were placed on a steam plate with 
watch glass for 20 minutes for cooling. After thorough mixing, the samples were poured 
into polystyrene cups for analysis. Standards were prepared using a blank solution made 
by first digesting a number of 100 mg pieces of cellulose filter paper according to the 
above protocol. Samples were run on an atomic absorption spectrometer (SpectrAA 50B 
Varian, Varian inc., Palo Alto, CA). Potassium was run by emission and Ca, Mg and Zn 
by absorbance. 
Data were analyzed using the general linear model procedure of SAS (SAS® 
version 9.4; SAS Institute, Cary, NC) with repeated measures for recovery ratings. All 
means were separated using Fisher’s least significant difference test, α=0.05.  
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Results and Discussion 
Soil Test Results 
Results showed significant differences between years for soil pH, CEC, OM, N, 
P, Ca, Mg, Zn, Fe, Cu, B thus data were separated (Table 3.1 and Table 3.2). 
Soil pH, CEC and the majority of the nutrients were not significantly different 
among treatments in either year of the study. Organic matter, N and Zn content were 
significantly different among treatments in 2014. Results showed that plots treated with 
CF had significantly higher OM content than PM and control in 2014. Organic matter 
content of plots treated with T was similar to PM and control (Table 3.1). Coffee 
treatments also resulted in higher N content than PM and control in 2014. The T 
treatments had higher N content than control in 2014 but were not different from the PM 
treatment (Table 3.1). Previous research found coffee grounds increased soil N by largely 
reducing NO3
- run-off (Wakasawa et al., 1998). Lamb et al. (2014) reported that soil OM 
is a primary source for N. Typically, as OM increases N also increases (Lamb et al., 
2014). Based on these reports, because CF in the current study had significantly higher 
OM content than PM and control, it is understandable that CF also had higher N content. 
The CF treatment had significantly higher Zn content than control (Table 3.2). The 
soilless media test showed spent coffee grounds contained the highest Zn level which was 
82 times higher than sand (Table A.1). Similar results were reported by Morikawa and 
Saigusa (2011) who found increased Zn content of rice grains following applications of 
waste coffee and tea treatments. 
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Results did not differ significantly between years for soil K and Mn, thus data 
were pooled (Table 3.3). 
Soil K and Mn were not significantly different among treatments in both years. 
Aeration did not affect soil pH, CEC, OM, and all nutrient content (Table 3.4, 
Table 3.5 and Table 3.6). 
Other Results 
Grass tissue test (Table 3.7 and Table 3.8), visual quality rating (Table 3.9 and 
Table 3.10), surface hardness (Table 3.11, Table 3.12, Table 3.13 and Table 3.14) and 
volumetric water content (Table 3.15, Table 3.16, Table 3.17 and Table 3.18) data were 
not significantly different among treatments or between aeration and non-aeration in 
either year of the study. This was likely because the volume of organic treatments was 
calculated to refill aerification holes and only amounted to a very thin layer on the soil 
surface. Geisel et al. (2001) investigated the effect of 50% green waste and 50% biosolids 
mixed compost on bermudagrass visual quality and found that light applications resulted 
in quality ratings very similar to untreated controls. No previous research has investigated 
the influence of spent coffee and tea waste on surface hardness or volumetric water 
content. However, several studies have suggested depths of organic amendments applied 
as topdressing materials (Cooperband, 2002; Samples and Sorochan, 2008; Bonhotal et 
al., 2007). The minimum recommended topdressing depth is 0.32 cm (Samples and 
Sorochan, 2008) which is greater than the amount (0.23 cm) used in the current study. 
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Table 3.1 pH, cation exchange capacity (CEC), organic matter (OM), and soil 
nutrient content of field study in 2014 and 2015 (separated). 
Year Treatment pH CEC (cmolc/kg) OM (%) Soil Nutrient Content (mg/kg) 
     N P 
 CFθ 5.56 a§ 17.7 a 4.2 a 216 a 35.0 a 
2014 T 5.62 a 17.7 a 3.8 ab 198 ab 38.3 a 
 PM 5.61 a 17.3 a 3.6 b 181 bc 32.7 a 
 Control 5.62 a 17.5 a 3.4 b 174 c 35.4 a 
 CF 6.59 a§ 21.6 a 6.9 a 325 a 158.0 a 
2015 T 6.69 a 21.3 a 6.9 a 312 a 165.0 a 
 PM 6.76 a 21.4 a 6.3 a 303 a 178.8 a 
 Control 6.55 a 20.7 a 6.7 a 324 a 147.3 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, 
CEC=cation exchange capacity, OM=organic matter. 
η Soil pH were measured by glass electrode. CEC were determined via NH4
+ saturation 
of exchange site and analyzed using NH4
+ ion-selective electrode. Soil OM and N was 
determined using LECO combustion method. Soil P was extracted using Mehlich III 
method and analyzed via ICP.  
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Table 3.2 soil nutrient content of field study in 2014 and 2015 (separated). 
Year Treatment -------------------Soil Nutrient Contentη (mg/kg)------------------- 
  Mg Ca Zn Fe Cu B 
 CFθ 292 a§ 200 a 2.0 a 113 a 1.0 a 0.238 a 
2014 T 295 a 212 a 2.2 ab 107 a 1.0 a 0.268 a 
 PM 291 a 215 a 1.9 ab 108 a 1.0 a 0.245 a 
 Control 279 a 203 a 1.9 b 108 a 1.0 a 0.245 a 
 CF 517 a§ 441 a 6.7 a 354 a 3.7 a 0.840 a 
2015 T 523 a 477 a 7.5 a 375 a 2.9 a 0.870 a 
 PM 542 a 490 a 6.6 a 359 a 2.7 a 0.840 a 
 Control 550 a 445 a 6.3 a 359 a 2.5 a 0.970 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP.  
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Table 3.3 soil nutrient content of field study in 2014 and 2015 (pooled). 
Treatment Soil Nutrient Contentη (mg/kg) 
 K Mn 
CFθ 282 a§ 187 a 
T 276 a 198 a 
PM 263 a 204 a 
Control 274 a 194 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP.  
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Table 3.4 Effect of aeration on pH, cation exchange capacity (CEC), organic 
matter (OM), and soil nutrient content of field study in 2014 and 2015 (separated). 
Year Aeration pHη CEC (cmolc/kg) OM (%) Soil Nutrient Content (mg/kg) 
     N P 
2014 Aθ 5.62 a§ 17.4 a 3.8 a 191 a 34.8 a 
 N 5.59 a 17.7 a 3.6 a 193 a 35.9 a 
2015 A 6.72 a 21.3 a 6.5 a 238 a 163.4 a 
 N 6.57 a 21.5 a 7.0 a 334 a 161.1 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated, CEC=cation exchange capacity, 
OM=organic matter. 
η Soil pH were measured by glass electrode. CEC were determined via NH4
+ saturation 
of exchange site and analyzed using NH4
+ ion-selective electrode. Soil OM and N was 
determined using LECO combustion method. Soil P was extracted using Mehlich III 
method and analyzed via ICP.  
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Table 3.5 Effect of aeration soil nutrient content of field study in 2014 and 2015 
(separated). Data were generated with the Mehlich III soil test method. 
Year Treatment -------------------Soil Nutrient Contentη (mg/kg)------------------- 
  Mg Ca Zn Fe Cu B 
2014 Aθ 292 a§ 207 a 2.0 a 108 a 1.0 a 0.235 a 
 N 287 a 208 a 2.0 a 110 a 1.0 a 0.263 a 
2015 A 516 a 473 a 6.4 a 361 a 2.6 a 0.805 a 
 N 550 a 453 a 7.1 a 362 a 3.2 a 0.955 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated. 
η Soil Mg, Ca, Zn, Fe, Cu, B were extracted using Mehlich III method and analyzed via 
ICP.  
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Table 3.6 Effect of aeration on soil nutrient content of field study in 2014 and 
2015 (pooled). Data were generated with the Mehlich III soil test method. 
Aeration --------------------- Soil Nutrient Contentη (mg/kg) --------------------- 
 K Mn 
Aθ 269 a§ 197.4 a 
N 278 a 193.8 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated. 
η Soil nutrients were extracted using Mehlich III method and analyzed via ICP.  
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Table 3.7 grass nutrient content of field study in 2015. 
Treatment -------------------Grass Nutrient Content (mg/kg)------------------- 
 N P K Ca Mg Zn 
CFθ 23600 a§ 3000 a 13400 a 8420 a 2100 a 75 a 
T 23300 a 2770 a 13300 a 8500 a 2100 a 80 a 
PM 22400 a 3030 a 13700 a 8600 a 2100 a 83 a 
Control 22900 a 2840 a 12400 a 9300 a 2000 a 86 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss. 
Table 3.8 Effect of aeration on grass nutrient content of field study in 2015. 
Aeration --------------------------Grass Nutrient Content (mg/kg)-------------------------- 
 N P K Ca Mg Zn 
Aθ 23600 a§ 2990 a 13300 a 8550 a 2020 a 83 a 
N 22500 a 2880 a 13100 a 8820 a 2140 a 79 a 
§ Values followed by the same letter within a column are not different (P>0.05). 
θ Abbreviations: A=aerated, N=not aerated.  
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Table 3.9 visual quality rating across treatments of various organic amendments 
topdressed on soil based athletic field (2015). Last row is F-protected Fisher’s LSD 
values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
CFθ 6.13 6.63 6.88 6.88 6.63 6.38 6.38 6.75 6.50 
T 6.25 6.50 6.63 6.25 6.25 6.50 6.25 6.38 6.50 
PM 6.50 6.25 6.75 6.88 7.13 6.88 6.63 6.88 6.63 
Control 6.75 6.63 6.38 6.50 6.50 6.63 6.75 6.63 6.63 
LSD 1.3 1.2 0.9 1.0 0.9 1.1 1.0 1.0 1.0 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.10 Effect of aeration on visual quality rating (2015). Last row is F-
protected Fisher’s LSD values (P < 0.05). 
Aeration W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
Aθ 6.69 6.63 6.50 6.69 6.63 6.56 6.75 6.69 6.69 
N 6.13 6.38 6.81 6.56 6.63 6.63 6.25 6.63 6.44 
LSD 0.92 0.90 0.69 0.74 0.68 0.84 0.70 0.77 0.72 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.11 surface hardness (gravities) across treatments of various organic 
amendments topdressed on soil based athletic field (2014). Last row is F-protected 
Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
CFθ 57.54 75.13 133.96 79.71 59.92 45.54 86.17 64.83 51.50 
T 58.63 78.21 134.00 79.08 63.04 47.88 82.75 64.46 52.33 
PM 58.95 78.63 132.21 79.83 61.29 48.33 83.58 64.25 53.04 
Control 58.29 79.75 127.71 81.71 61.92 46.54 88.50 67.00 53.21 
LSD 6.1 5.4 7.9 9.1 4.5 3.3 5.6 4.0 4.0 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.12 surface hardness (gravities) across treatments of various organic 
amendments topdressed on soil based athletic field (2015). Last row is F-protected 
Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
CFθ 92.45 45.21 78.71 103.46 70.58 56.88 74.04 82.21 79.71 
T 88.33 45.29 76.88 103.50 70.63 59.79 71.38 84.17 79.08 
PM 91.79 44.13 76.67 102.67 70.13 59.08 73.29 85.79 79.83 
Control 89.00 47.71 78.79 100.00 71.33 57.92 74.67 85.33 81.71 
LSD 6.7 4.9 5.1 6.2 5.1 2.9 4.0 3.9 9.1 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.13 Effect of aeration on surface hardness (gravities) (2014). Last row is 
F-protected Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
Aθ 56.83 78.19 133.83 81.94 61.04 48.54 82.25 64.75 53.46 
N 59.88 77.67 130.10 78.23 62.04 45.60 88.25 65.52 51.58 
LSD 4.3 3.8 6.5 6.4 3.2 2.3 4.0 2.8 2.8 
θ Abbreviations: A=aerated, N=not aerated, W=week. 
Table 3.14 Effect of aeration on surface hardness (gravities) (2015). Last row is 
F-protected Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
Aθ 90.42 45.35 78.31 104.04 71.52 58.13 73.63 84.42 81.94 
N 90.38 45.81 77.21 100.77 69.81 58.71 73.06 84.33 78.23 
LSD 4.7 3.4 3.6 4.4 3.6 2.1 2.8 2.8 6.4 
θ Abbreviations: A=aerated, N=not aerated, W=week.  
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Table 3.15 volume water content (%) across treatments of various organic 
amendments topdressed on soil based athletic field (2014). Last row is F-protected 
Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
CFθ 40.05 32.58 20.38 43.30 54.94 56.70 45.28 49.20 55.09 
T 39.05 32.49 19.83 42.19 54.75 56.60 44.23 48.61 54.08 
PM 39.63 32.35 19.28 43.73 54.33 56.85 44.93 49.03 53.98 
Control 39.74 33.33 20.06 43.43 53.89 55.61 44.24 48.68 53.96 
LSD 1.0 1.7 2.0 3.1 2.1 1.6 1.6 1.4 1.4 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.16 volume water content (%) across treatments of various organic 
amendments topdressed on soil based athletic field (2015). Last row is F-protected 
Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
CFθ 23.84 51.66 42.69 32.85 47.85 48.55 44.11 38.58 56.70 
T 32.08 52.16 44.40 31.96 49.94 49.20 44.23 39.51 56.60 
PM 32.73 53.71 44.44 32.30 49.34 49.75 44.39 40.04 56.85 
Control 33.18 53.29 44.60 32.69 49.01 50.64 43.10 40.51 55.61 
LSD 4.2 3.0 3.3 3.3 2.9 2.8 2.7 2.8 1.6 
θ Abbreviations: CF=spent coffee grounds, T=spent tea grounds, PM=peat moss, 
W=week.  
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Table 3.17 Effect of aeration on volume water content (%) (2014). Last row is F-
protected Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
Aθ 39.54 33.06 19.70 42.61 54.11 56.27 44.26 48.90 54.20 
N 39.69 32.31 19.90 42.70 54.84 56.61 45.08 48.86 54.35 
LSD 0.7 1.2 1.4 2.1 1.5 1.1 1.1 1.0 1.0 
θ Abbreviations: A=aerated, N=not aerated, W=week. 
Table 3.18 Effect of aeration on volume water content (%) (2015). Last row is F-
protected Fisher’s LSD values (P < 0.05). 
Treatment W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 
Aθ 30.74 52.72 43.73 31.79 48.36 49.15 44.02 38.98 56.27 
N 33.16 52.69 44.34 33.11 49.71 49.92 43.89 40.34 56.61 
LSD 2.9 2.1 2.3 2.3 2.0 2.0 1.9 2.0 1.1 
θ Abbreviations: A=aerated, N=not aerated, W=week. 
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Chapter Five: Conclusions 
Peat moss has been used as soil amendment for turf since the mid-1900s. 
However, concerns about unsustainable production and the high cost of harvest and 
transportation has created a need to seek alternative organic sources. Organic 
amendments such as compost are currently used as alternatives of peat moss. However, 
very little attention has been paid to waste products such as spent coffee and tea. 
The results of this study showed both spent coffee and tea grounds can provide 
equivalent or greater amounts of plant essential elements compared to peat moss. Spent 
coffee and tea can also provide the equivalent amount of OM to peat moss and spent tea 
increased CEC similarly to peat moss. Although grass percent cover showed coffee 
treatments inhibited grass growth during the first year, this phenomenon was greatly 
reduced in the second year. Thus, it appears from this research that fresh tea waste can be 
a suitable alternative to peat moss while coffee waste may need to age for a period of 
time to reduce any negative effects on plant growth. 
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APPENDICES 
Table A.1 Soilless media test for pH, NO3--N, P, K, and Ca. 
Media pH Conductivity (dS/m) NO3--N (ppm) P (ppm) K (ppm) Ca (ppm) 
CFθ 5.0 5.61 16 579.8 2382.3 135 
T 5.1 6.12 11 546.9 2589.5 141 
PM 5.5 2.98 238 2.0 2.6 627 
S 9.0 0.73 3 0.1 3.5 391 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, S=sand.  
 
 
 
1
0
2
 
Table A.2 Soilless media test for Mg, B, Cu, Fe, Mn and Zn. 
Media Mg (ppm) B (ppm) Cu (ppm) Fe (ppm) Mn (ppm) Zn (ppm) 
Coffee 466.0 0.3 3.8 0.9 18.5 25.0 
Tea 444.2 0.3 2.8 2.1 17.5 18.3 
Peat Moss 236.2 0.2 0.1 83.1 3.0 1.8 
Sand 19.5 0.1 0.4 2.9 4.3 0.3 
θ Abbreviations: CF=spent coffee grounds, T=spent tea leaves, PM=peat moss, S=sand.
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